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REAL-GAS EFFECTS IN CRITICAL-FLOW-THROUGH NOZZLES

AHD TABULATED THERMODYNAMIC PROPERTIES

by Robert C. Johnson

Lewis Research Center

The mass-flow rate for real gases passing through critical-flow nozzles

has been calculated. The result of this calculation is presented in the form

of a critical-flow factor that provides a convenient means of calculating the

mass-flow rate; the variation of the critical-flow factor also provides a mea-

sure of the real-gas effects. In addition the results include the nozzle-

throat velocity, the compressibility factor, the specific heat, the specific

heat ratio, the speed of s6und_ and the critical pressure, tempera%ure, and

density ratios. These results are tabulated as functions of upstream stagna-

tion pressure and temperature for air, nitrogen_ oxygen, normal hydrogen, para-

hydroge% and steam. For steam the pressure ranges up to 300 atmospheres and

the temperature ranges from 700 ° to 1500 ° R. For hydrogen the pressure ranges

up to i00 atmospheres and the temperature ranges from 175 ° to "700° R. For the

other gases the pressure ranges to i00 atmospheres and the temperature ranges
from _00 ° to 700 ° R.

Real-gas effects are found to modify the convenbional one-dimensional

results by up to about i0 percent at the low-temperature and high-press_e e_ds
of the respective ranges.

INTRODUCTION

When gases are metered by critical-flow nozzles_ errors frequently arise

when conventional one-dimensional isentropic f_ow relations are used to compute

the mass-flow rate. The assumption usually ma_e is that the gas is ideal. The

ideal gas will be defined as one having a constant specific heat and a com-

pressibility factor of unity. For many common gases this assumption is valid

for ambient temperatures and pressures. At lower temperatures and higher pres-

sures (e.g., values of pressure and temperature near the critical point) sig-

nificant errors can occur if these ideal-gas flow relations are used.

References i to S estimate the flow rates for imperfect gases represented

by the van der Waals or the Beattie-Bridgeman state equations. Reference _ is

an experimental check on references 2 and S. An effective gamma for the isen-



tropic expansion for a real gas is estimated in reference 5. Reference 6 pre-
sents a graphical method for computing the mass-flow rate for real gases by
using the property data from reference 7. Using the tabulated property data of
reference 7, Jordan and Mintz have prepared tables of a critical-flow factor
for air (private communication from D. P. Jordan and M. D. Nintz). In refer-
ence 3 the results of somesonic-flow calculations for steam are given.

In reference 9 the author presents a correction in graphical form that,
when applied to the mass-flow rate of an ideal gas, yields the mass-flow rate
of a real gas. This correction is given for both critical and subcritical
flow. The computational uncertainty of this method is about 0.i percent, which
is on the order of the uncertainty of the physical factors involved in the
analysis. Reference 9 contains results for air, nitrogen, oxygen, normal
hydrogen, steam, helium, and argon.

Since the critical-flow nozzle has the potential of becominga primary
standard for flow measurements, tabulation of flow functions at small intervals
of pressure and temperature would be an aid in performing precise calculations.
Except for helium and argon, the data of reference 9 are, therefore, presented
in tabular form. In addition, tables for para-hydrogen have been included.

Errors involved in plotting or reading the graphs in reference 9 are
eliminated by the tabular presentations in this report that are carried to one
physically nonsignificant figure. In addition, the critical-flow factor C*
has been presented here instead of the mass-flow-rate correction of reference 9
because the use of C* permits convenient computation of mass-flow rate
directly from measuredtemperatures and pressures.

As a by-product of these calculations, additional functions were deter-
mined. These functions fall into two groups. The first group consists of
functions that depend on both the plenum conditions and on the conditions at
the nozzle throat where the Machnumber is unity. In addition to the critical-
flow function, this group includes

(i) Nozzle-throat velocity

(2) Ratio of throat to plenum pressure

(5) Ratio of throat to plenum temperature

(4) Ratio of throat to plenumdensity

The second group consists of thermodynamicpoint functions that depend only on
plenum conditions. These functions are

(i) Compressibility factor

(2) Specific heat at constant pressure, Cp/R
(5) Specific heat ratio

(4) Speed of sound, a/a*



Within the somewhatlimited range of pressures and temperatures, this group
of functions for the most part is the sameas that included in reference 7;
however, in this report the pressure and temperature intervals are considerably
smaller, thereby making interpolation easier.

Curve fits for equations of state are given in appendix B by JeanneV.
Szel.

ANALYSIS

A conventional expression for the mass-flow rate per unit area for gases
flowing through critical-flow nozzles is

Gi =
2 y-i PO

(la)

or

* PO

G i = Ci

where C i is the ideal-gas critical-flow factor defined by

F r*171/2

C i =

(Symbols are defined in appendix A.)

of equation (i) are as follows:

(ib)

(2a)

The assumptions involved in the derivation

(a) The flow is isentropic.

(b) The flow is one-dimensional.

(c) The compressibility factor of the gas is unity.

(d) The specific heat of the gas is constant.

In this analysis, a procedure for calculating a real-gas critical-flow

factor C* will be developed. The definition of C*, which is similar to that

implied by equation (ib), is

C* - G R'_O (2b)

PO

For each gas two expressions are necessary: one is am expression relating



pressure, density, and temperature; the second is the expression that gives the
low-pressure specific heat as a function of temperature. In most cases the
data of reference 7 or its sources are used to obtain these expressions.
Appendix B lists these equations and their sources for each gas involved.

Since the compressibility is given as a function of pressure and temper-
ature for nitrogen_ oxygen_ and hydrogen and as a function of density and tem-
peratu_-e for air and steam, it is necessary to develop the mass-flow-rate so-
lutions for each of these cases. For both cases the low-pressure specific heat
Cp_i/R is considered a function of temperature. Also for both cases, the
assumedquantities are the stagnation pressure po_ the stagnation temperature
TO, and the nozzle-throat Machnumber MI that is unity for critical flow. An
outline of the procedure for determining the state and velocity of the gas for
both cases will follow. For a more detailed description of this procedure, see
appendix C.

Case I: Z = Z(p,T)

The pressure-density-temperature relation is given by

z : _a_ = Z(p,T)
pRT

The expressions for the differential entropy and enthalpy are

dS= °PT+j_ p
dp

dH = T dS + --idp
P

Since it is assumed that the flow is isentropic_

dS-=0

Recalling the energy equation

(3)

(4)

(s)

(s)

_m = -v dV (7)

and substituting equations (S), (6), and (7) into equations (4) and (S) yield
the results

dS Cp dT [ T{_Z_ ] dp 0 (8)R - R --}--- z + \_/p p--

V dV Cp Ts{_Z'_ ap

Equations (S) and (9) are integrated along the path indicated in figure I.
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PO,TO,SO

PI,TI,SI

T

Figure1. - Integrationpathfor equa-
tions (8)and(9).

The pressure end point of the path Pl satisfies

the integral of equation (6)_ that is, SI = SO . At

this point, equation (9) can be integrated along the

same path. The result of this integration permits the

evaluation of the nozzle-throat velocity V I. The

speed of sound in the nozzle throat can be evaluated

from the expression

a2 S T p

(io)

where (_/SP)T and (Sp/ST)_ are derived from the state

equation (5), and (_T/_p) S is derived from the integrated form of equation (8).

The nozzle-throat Mach number is then given by

, V I
M -- -- (Ii)

aI

Since this Mach number will not, in general, be unity, a new throat temper-

ature has to be estimated. The temperature correction to be added to the pre-

vious temperature estimate is

AT= _-_ i

r- _ -1

where L(_T/_M)sJi is estimated from isentropic ideal-gas relations, and 294

is the difference between the desired and actual Mach number. A new Mach number

can now be calculated by using the new temperature estimate. This process is

repeated until 294 is less than lO -s. At this point the state and the velocity

of the gas at the nozzle throat are considered known.

Case II: Z = Z(0,T)

The pressure-density-temperature relation is given by

The stagnation density

equation (15) when PO and
tial entropy and enthalpy are

z = __a_= z(p,T)
pRT

(is)

00 of the gas is determined by using the state

TO are known. The expressions for the differen-

dT i (_p) dp (14)dS = cv T p2 _ 0

dH = T dS + p do + d{P]

p2 kPJ
(is)
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Substituting equations (13), (6), and (7) into equations (14) and (15)
yields the results

-E = _ m z+m =o (16)
p P

v dV Cv m2/az] __ + d(Zm) (17)

Equations (16) and (17) are integrated along the path indicated in figure 2.

Po,To'So

PI,TI,SI

0 T

Figure 2. - Integration path for equa-
tions 116)and117).

equation (15), and (ST/_o)s

The density end point of the path Pl is that
point which satisfies the integral of equa-

tion (16)_ that is, SI = SO . At this point, equa-

tion (17) can be integrated along the same path.

The integral of equation (17) permits the evalua-

tion of the nozzle-throat velocity VI. The speed
of sound in the nozzle throat can be evaluated from

+ 8 8T
a2= (_)S = (_)T (_T)p(_)S

(lS)

where (_P/_P)T and (_p/_T)_ are derived from
is derived from the integra_ form of equation (16).

The nozzle-throat Mach number is then

M' VI
al (m_)

An iterative procedure similar to that employed in case I is utilized until the

difference between the desired and actual Mach number is less than lO -5. At

this point the state and velocity of the gas at the nozzle throat are known.

The mass-flow rate per unit area of the gas is

G = PiVl (19)

The critical-flow factor C* can now be determined from equation (2b).

Also tabulated in this report are Z, Cp/R, y, a, VI, Pl/PO, TI/To, and

pl/p 0. Appendix D develops the expressions used for their evaluation.

RESULTS AND DISCUSSION

Calculations were performed for air, nitrogen, oxygen, normal hydrogen,

pard-hydrogen, and steam according to the procedures described in the previous

section. Because of the extent of these calculations, it was necessary to
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utilize a high-speed digital computer• For each gas these calculations yielded

the following quantities:

(a) Critical-flow factor, C* -

P0

(b) Nozzle-throat velocity, V I

(c) Critical pressure ratio, pl/P0

(d) Critical temperature ratio, TI/T 0

(e) Critical density ratio, Pl/P0

(f) Compressibility factor, Z 0 = pO/OoRT 0

(g) Normalized specific heat, Cp,O/R

(h) Specific heat ratio, Y0 = Cp,0/Cv,O

(i) Speed of sound, a 0

The first five functions depend on both plenum and nozzle-throat conditions;

the last four functions represent the thermodynamic point functions evaluated at

the upstream stagnation conditions. Appropriate values of the gas constant R

for the various gases are given in table I.

TABLE I. - VALUES OF SPECIFIC GAS

CONSTANT FOR VARIOUS GASES a

G_s

Air

Nitrogen

Oxygen

Hydrogen

Steam

Density,

D,

ib/cu ft

0.025210

.026065

•022820

•56222

.040552

Mass-flow rate

per unit area,

G3

zb/(s_in.)(seo)

0.0076777

.0079580

.0069497

•llOSl

•012544

apressure measured in atm_ tempera-

ture measured in °R•

Temperature,

.78

•76

• gas value .

0 20

S
_ J

40 60 80 100

Pressure, arm

Figure 3. - Critical-flow factor for air.

120

The tables for the critical-flow factor enable the calculation of the mass-

flow rate per unit area of a gas by use of equation (2b). This function is

plotted in figure 5 for the typical case of air to indicate the extent of devi-

ation of this function from its value if air were ideal with a specific heat



ratio of 1.4. The value of this ideal-gas critical-flow factor is 0.6847

(shown as a dashed line in fig. 3).

The tables for the critical pressure ratio_ the critical temperature ratio,

and the critical density ratio enable the determination of the pressure-density-

temperature gas state in the nozzle throat from the plenum conditions. The

nozzle-throat velocity also represents the speed of sound at the nozzle throat

because the Mach number is unity.

The tables for the compressibility factor permit the calculation of the

plenum density. The values for the compressibility factor and the values for

specific heat obtained in this report will be compared with the values listed

in reference 7 when the individual gases are discussed. The other functions

will not be individually compared because, in general_ they will resemble the

specific heat comparison. The specific heat ratio can be used to obtain the

constant-volume specific heat and, indirectly, the internal energy of the gas.

It should be noted that the specific heat ratio at high pressures is not a very

useful isentropic flow parameter. It becomes useful only when the state equa-

tion for the gas is represented by p = pRT.

Air

The results for air are given in tables ll(a) to (i) for a pressure range

up to i00 atmospheres and a temperature range from 400 ° to 700 ° R. Within

these ranges, the values of Z0 agree with those in reference 7 to within
0. i percent. Over most of the ranges the agreement is within 0.02 percent.

The values of specific heat agree to within 0.2 percent with those tabulated in

reference 7. The critical-flow factor varies from 0.684 to 0.770, amounting to

a variation of 12 percent. The critical-flow factor in this report agrees to

within 0.2 percent with that calculated by Jordan and Mintz (private communica-

tion from D. P. Jordan and M. D. Mintz). Since a different calculation proce-

dure was used by Jordan and Mintz, which was essentially the interpolation of

the entropy and enthalpy tables of reference 7, it is not surprising that a

disagreement of this size exists.

Nitrogen

The results for nitrogen are given in tables l!l(a) to (i) for a pressure

range up to i00 atmospheres and a temperature range from 400 ° to 700 ° R. With-

in these ranges the values of Z0 agree with those in reference 7 to within
0.I percent. Over most of the range the agreement is better than O.OZ percent.

The values of specific heat agree with those in reference 7 to within 0.2 per-

cent. The values of the critical-flow factor range from 0.684 to 0.761, a var-
iation of ii percent.

Oxygen

The results for oxygen are given in tables IV(a) to (i) for a pressure

range up to i00 atmospheres and a temperature range from 400 ° to 700 ° R. With-

S



in this range the values of Z0 agree with those of reference 7 to within 0.02
percent, and the values of specific heat agree to within 0._ percent. The
critical-flow factor varies from 0.683 to 0.800, a variation of 17 percent.

Normal Hydrogen

The results for normal hydrogen are given in table V(a) to (i) for a pres-
sure range up to i00 atmospheres and a temperature range from 17S° to 700° R.
The values of ZO agree with those in reference 7 to within 0.02 percent; the
average disagreement is about 0.01 percent. The specific heat agrees with
reference 7 to the order of 0.5 percent. The critical-flow factor varies from
0.678 to 0.759, a variation of 12 percent.

Para-hydrogen

The results for para-hydrogen are given in tables Vl(a) to (i) for a pres-
sure range up to i00 atmospheres and a temperature range from 175° to 700° R.
For this case the low-pressure specific heat was taken from reference i0. The
state equation is the sameas that used for normal hydrogen. A comparison of
reference ii for para-hydrogen with reference i_ for normal hydrogen indicates
that for the sameconditions of pressure and temperature the density of para-
hydrogen is for the most part within 0.i percent of the density of normal
hydrogen. The agreement between this tabulation of Z0 and that implied by
reference ii is within 0.i percent over most of the range. The values of the
critical-flow factor ranged from 0.669 to 0.738, a variation of i0 percent. It
was not possible to makea direct comparison of the specific heats.

Steam

The results for steam are given in tables Vll(a) to (i) for a pressure
range up to 300 atmospheres unless limited by condensation and a temperature
range from 700° to iSO0° R. Since the samestate equation (ref. IS) is used
for this tabulation as was used in reference 7_ the values of Z0 agree with
those in reference 7. Since the values of specific heat in reference 7 were
derived from a different state equation (ref. 14) than that used for Z0_ it is
not surprising that the values of specific heat in reference 7 differ by as
muchas i0 percent from those listed in this report, which uses the state
equation of reference IS.

In certain tabulated functions a difficulty arises because of the state
equation of reference IS since Keyes_ in reality, uses two state equations,
one for temperatures below the critical temperatures (Tc = i165.16 ° R) and the
other for temperatures above the critical temperature. While Z0 itself
seemscontinuous in the critical temperature region, someof its derivatives do
not have the samedegree of continuity. This causes somerather abrupt changes
in someof the tabulated functions in this region_ especially in the functions
that depend on both the plenum and the nozzle-throat conditions. These func-
tions exhibit discontinuities whenthe plenum temperature is above Tc and the



nozzle-throat temperature is below Tc. The behavior of the critical-flow
function in this region suggests inaccuracies on the order of i to 2 percent
for temperatures from about i170° to 1550° R and pressures above i00 atmo-
spheres.

The critical-flow factor varies from 0.665 to 0.862, a change of 50 per-
cent.

C0NCLUSIONS

Real-gas effects have been found to introduce significant corrections in
the conventional ideal-gas relations used to compute isentropic critical flow
through nozzles. The combined effects of compressibility and of real-gas be-
havior can be represented by the use of a critical-flow factor C* that per-
mits direct computation of mass-flow rate through a nozzle of geometric area A
with measurementsof upstream temperature TO and pressure P0:

= AC*PoR_ 0

The extent to which real-gas effects are important is suggested by the
following tabulation_ which gives the change in C* at a particular combination
of temperature and pressure different from its value at normal temperature and
pressure (492° R, 1 atm).

G_s

Air

Nitrogen

Oxygen

Normal hydrogen

Para-hydrogen

Conditions

OR arm

40O i00

4OO 100

4OO 100

175 100

175 100

(C* - C_tp)/Cs*tp ,

percent

12

Ii

17

i0

8

Lewis Research Center

National Aeronautics and Space Administration

Cleveland, Ohio, August 4, 1964
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APPENDIXA

A

a

aj

a _

Bp

bj

Cp

Cp

C*

C*
stp

cj

c
P

c v

Dp

Dp

dj

G

H

M

M'

P

SYMBOLS

geometric area of nozzle

speed of sound

coefficients for ideal-gas specific heat polynomial, j = 0_i,. ._ 7

speed of sound at i atmosphere and 491.888 ° R

second virial coefficient for Z = Z(p,T)

second virial coefficient for Z = Z(p,T)

coefficient for second virial coefficient polynomial, j = 0,i,. ., 7

third virial coefficient for Z = Z(p,T)

third virial coefficient for Z = Z(p,T)

critical-flow factor, GR_r_-Jpo_ dimensionless

critical-flow factor at 1 atmosphere and 491.688 ° R

coefficient for third virial coefficient polynomial, j = 0_l_ . . ., 6

specific heat at constant pressure

specific heat at constant volume

fourth virial coefficient for Z = Z(p_T)

fourth virial coefficient for Z = Z(p_T)

coefficient for fourth virial coefficient polynomial, j = 0_i, ._ 6

mass-flow rate per unit area

enthalpy

Mach number

actual Mach number derived from nozzle-throat temperature approximation

mass-flow rate

pressure

ll



R

S

T

V

Z

Y

ap, l to Cp,Vl

Cp_I to _p,Vl

_p,!, _p,ll

_p,l_ _p,ll

P

T

Subscripts:

a

b

c

i

0

i

specific gas constant

entropy

temperature

velocity

compressibility factor, p/pRT

ratio of specific heats

functions of

functions of

functions of

appendix C

functions of

appendix C

density

temperature function

Z = Z(p,T) defined in appendix C

Z = Z(p,T) defined in appendix C

Cp, i/R for case Z = Z(p,T) defined in

cp,i/R for case Z = Z(p,T) defined in

n - i estimate in iteration process

n estimate in iteration process

critical

values at vanishing density

upstream stagnation conditions

nozzle-throat conditions

12



APPENDIXB

CURVEFITS FOREQUATIONSOFSTATE

by Jeanne Szel

The equations used in air calculation are

Low-pressure specific heat:

L_

R = E aJTJ

j=0
where

T

i00

a 0 = 3.45849

aI = 3.13625×10-2

Second virial coefficient for density series:

4:

B0 = E bJTJ

j =0

where

b0 = 38.7361

bI = -167.218

Third virial coefficient for density series:

5

Cp = E cJ Tj

j=0
where

a2 = -i.06296×i0-2

a3 = 1.44603Y_.10-3

a 4 = -5.30303Xi0-5

b2 : -584.1_5

b 3 = 904.752

b 4 = -814.723

(Bi)

(B2)

(B3)
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cO = 960.767

cI = 1.65512Xi04

c2 = -2.701SIX105

Fourth virial coefficient for density series:

c5 = 2.57506><106

c 4 = -i.54407Xi07

c5 = 2.94026XI07

6

DD = ._djTJ

j--O

where

:
do = -5.42860xIoS

dI : 1.58277Xi06

d2 = -i.50611xi0 ?

Thus, the state equation is

ds = l.SS162XlO 6

d4 = 1.45166Xi09

d5 = -i.17452Xi010

d6 = 2.99748Xi010

-'P'-- - 1 + Dpp5pRT- :Bpp + Cpp 2 +

Equations (BI) to (B4) are fitted to the data tabulated in reference 7.

The temperature range for which the equations are valid is 500 o to 720 ° R.

cubicPressUrecentimeter.rangesup to i00 atmospheres; the density units are gram-mole per

The equations used in the nitrogen calculation are

Low-pressure specific heat:

The

where

14

T
T --

i00

ao = 3.53266

aI = -4.19429XI0-2

a2 = 2.13509)<10-2

6

_-R - _ ajTJ

j=0

a 3 = -5.34238Xi0-3

a4 = 6.8S446XI0-4

a5 = -4.12717XI0-5

a 6 = 9.8540ZX.10-7



Second virial coefficient for the pressure series:

5

Bp = 2 bjTJ

j=0

where

T )-iT = i-_

b0 = -7.16199XI0-5

bI = 1.08525XI0-2

Third virial coefficient for the pressure series:

b 2 = -5.42122X10-2

b S = -4.12757X10-2

where

5

Cp = g cj_J

j=0

Co _ -5.30707XI0-7

c 1 = 6.76575x10-5

c2 = 9.95177×10-4

Fourth virial coefficient for the pressure series:

c 5 = -2.99652x10-2

c 4 = 9.55579><10-2

c5 = -1.86565x10-1

where

5

= _ dj _j

j=0

T) 3=

dO = 4.14491X10-12

d 1 -- -1.07,,i07X10-6

d 2 = 2.77794X.10-4

d S = -5.84S2¢Y,,10-5

d_ = 7.57829X10-2

dS = -1.17440

Thus_ the state equation is

(Be)

(B7)

15



P

pRT - 1 + Bpp + Cpp 2 + Dpp3

These equations are fitted to the data tabulated in reference 7. The tem-
perature range for which the equations are valid is 300 ° to _ o

7c0 R. The pres-sure ranges up to I00 atmospheres.

The equations used in the oxygen calculation are

Low-pressure specific heat:

where

4

R aj

j=O

= T
i00

a0 = 5.41402

aI = 9._ZSAA><IO -2

Second virial coefficient for the pressure series:

5

Bp = E bJTJ

j=O

where

T = (i_) -I

b0 = -9.81910XI0-5

bI = 1,06107><10-2

b2 = -6.84752XI0-2

Third virial coefficient for the pressure series:

6

CD Z c.TJj

j=C

where

T) 2=

c O = -8.36908X10-8

16

a 2 = -5.64726XI0-2

aS = 5.75982Xi0-5

a 4 = -2.68976Xi0-_

b5 = -5.28225XI0-5

b 4 = -I.01578XI0-I

b5 = 7.59776XI0-2

c 1 = 5.49367x10-5

c2 = -2.01187×10-4

(B9)

( io)

(Bli)



c5 = -2. 77518xi0-2

cd = 1.29470×10-1

Fourth virial coefficient for the pressure series:

Dp = _ dj_J
j=O

where

T) 5=

cS : -5.94688×10-1

c6 = 1.05742

d3 = -1.79950×10 -2

d4 : 1.69612Xi0 -I

d5 = -2. 70545

dO = -1.71306Xi0 -9

dI = -7.57007Xi0 -7

d2 = 4.85752Xi0 -4

Thus_ the state equation is

P i + + Cpp 2 + Dpp 5pRT : Bpp

These equations are fitted to the data tabulated in reference 7.

temperature range for which the equations are valid is 300 ° to 720 ° R.

pressure ranges up to i00 atmospheres.

The equations used in the hydrogen calculation are

Low-pressure specific heat for normal hydrogen:

The

( 12)

R = E aJ_J

j=O

(BI3)

where

and

T

i00

17



and

a 0 = 2. 97545

a 1 = -1.05530

a 2 = 7.21363X10-1

a S = -1.63158X10 -1

a4 -- 7.06331><10 -2

aS = -4. 21183×10 -2

a6 = 1.07152X10 -2

a 7 = -9.38419XLO-4:

ao = 1.53856

a I : 7.76980XI0 -I

a2 = -5. 72845XI0 -2

a3 = -1.53220><_10 -2

a4 = 2.89690)<10-3

aS = -i. 4_0509XI0 -4

a6:0

a7 =0

Low-pressure specific heat for para-hydrogen:

where

and

6

Cp'i E a .TJ
J

j=O

T

i00

125 ° R < T _ 360 ° R

360 ° R < T < 7_:0° R

( 14)
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a0 = 5.97292

aI = -5.04009

a2 = 1.56558

a3 = 1.35045XI0-I

a4 = 1.55751Xi0-2

a5 = -I.07913XI0 -I

a6 = 2.26222><10-2

125° R < T _ 270° R

and

a0 = 2.46702 I

aI = 8.47615XI0-I

a2 = -1.66457XI0-2

a5 = -5.28617><10-2
i

a4 = 6"50834XI0-3 I

Ja5 = 0

a6 = 0

_270 ° R < T < 4.50° R

and

a0 = 6.28915 ]

IaI = -1.10996

a2 = 1.50478><10-1

a5 = -6.88607><10 -5

a4=0 I
a5=O

a6=O

4.50° R < T < 720 ° R

The pressure-density-temperature equation for the range of temperatures

and pressures considered is essentially the same for both normal and para-

hydrogen. A comparison of references ii and 12 indicates that at i00 atmo-

spheres and 150 ° R the density differs by less than 0.i percent. The coeffi-

cients for the state equation are

19



Secondvirial coefficient for pressure series:

Bp = _ bj_ j
j=O

where

and

b0 = -1.26595XI0-_

bI = 5.71618XI0-3

b2 = -9.12709XI0-5

b3 = -6.07334XI0-5
b_ = 6.35129Xi0-3
b5 = 7.26686XI0-5

b6 = -2.05010XI0-2
b7 = 1.02971X10-2

108°

Third virial coefficient for pressure series:

R < T < 720° R

6

Cp = Z cjTJ
j=O

where

and

co = 2.2575_XI0-9
cI = -9.252A4XIO-7

c2 = 2. 15262×10-4
c3 = -7.88318XI0-_

c4 = 1.73842XI0-5

c5 = -1.83765XI0-S
c6 = 7._1596xi0-4

-108° R < T < 720° R

Thus_ the state equation is

(BIS)

(Bl6)

2O



-P-- i + Cpp2pRT= Bpp +

The specific heat equations are fitted to the data tabulated in refer-
ence lO. The virial coefficient equations are fitted to the data tabulated in
reference 7. The pressure ranges to lO0 atmospheres.

The equations used in the steam calculation are

Low-pressure specific heat:

R = E aj_j

j=O

(B17 )

where

T

i00

and

a 0 = 4.282_7

a 1 = -1.53273X10 "1

a 2 = 2.68595><10 -2 5A0 ° R < T < 1500 ° R

aS = -1._1891X10 -5

a% = 2.89278X10 -S

Except for mathematical rearrangement_ the following state equation is the
same as that given in reference 13:

z= l- _ e (BlS)

where

6 = 2.062_ e-O'S8P c_ (Bzg)

c_ = 2. 50259

1.8
"_ : _ (B20)

17094_4_ 2
_o = z26o.zT,_ e (B2Z)
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: _o(l + _io + _2p_) (B2_)

and

and

_i = 505"6_0_ e541889_2

J_2 = 0

T _< ]_165.16 ° R

_i = (_79.76 + l_l.SXlO 3 _)_0 •

75.36_ - 27.505 _0

T > ]_165.16 ° R

(B25 )

(B26)

The specific heat equations are fitted to the data tabulated in refer-

ence 7. The state equation is that given in reference 15, which is the origin

for the data in reference 7. The units of temperature and density are degrees

Rankine and grams per cubic centimeter, respectively.

22



APPENDIXC

CALCULATIONOFCRITICAL-FL(__I_NCTION

Calculation Procedure Using State Equation in the Form Z = Z(p,T)

The following functions of Z are necessary in this calculation:

ep,i(P,T ) = Z - 1 (el)

(cz)

_p,ni(p,T)=o/_ (_p,1+ _p,i1)_p
(cs)

o/P dpep,IV(P,T) = ep,II -_- (c4)

Cp,V(p,T): _p,1- p a(_)T (c5)

_p,v_(p,T):T(_p'In_
\ a_: Jp

(C6)

(The quantities 6p, I to ep,Vl are evaluated in a subprogram.) For an ideal

gas, functions ap, I to ap,Vl would be zero.

In another subprogram, two functions of plenum temperature and nozzle-

throat temperature are evaluated:

_p,I(To,TI) = / TO

fai_ (c7)
R T

_TI T°
_p,II(T0,TI) = _ dT (C8)
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In terms of these defined functions the integrated forms of equations (8)
and (9) become

SO - SI PO

= _p,I(T0,Tl) - Znpl _p,ZZI(P0,T0)+ _p,IZI(Pz,Tz)= 0 (c9)

2
H 0 - HI

R - _P'ZI(To'TI) - TOep'_(Po'T0) + Tlep,_(PI'TI) - i Vl
2 R

(CIO)

If the derivatives in equation (i0) are evaluated, the resulting expres-

sion for the speed of sound is

F

i _ i Ii +
6pjV

a2 Z2RT [
In terms of the assumed quantities

M1 = i)_ the initial estimate of T1

isentropic-flow relations

_]
(i + epj I + ep,ll)_l

lh!_ ]R eP, VI

PO' TO' and MI (for critical flow

is found by assuming the ideal-gas

(Cll)

ll Ti 1 _l)-ITI = TO + 2 (clz)

where T1 represents the initial estimate of the nozzle-throat temperature.

It is now required that equation (C9) be solved for PI" Since Pl is

involved implicitly in this equation, an iterative procedure will be necessary.

This procedure is outlined in the following steps:

(i) For the first trial solution

_p, TTT(Po,T0) -- _p, ITT(p__,Tl)

is assumed. Then

Pl,a = PO e-_p'I(T0'T1) (cl3)

where Pl,a represents the initial estimate of PI"

(2) For the next solution

Cp, iii(Pl, aT I) = Cp,iii(Pl, TI)

is assumed. Then

[-_p,I(To,TI)+Cp,III(Po,T0)-_p,III(Pl,aTI )]

Pl,b = PO e (cl_)
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where Pl_b represents the second estimate of PI"

(S) For the succeeding trial solutions Pl,a is replaced by Pl,b and
step (2) is repeated.

until Pl2b - Pl_al < IXIO -6. A maximum of
Step (3) is repeated

Pl,a l
50 iterations was permitted. For the eases reported herein_ there was no

failure to converge to the required limit. The value of Pl is now given by

Pl_b"

Equation (CI0) can now be solved for V21/R:

Vi=R 2[_p_II(To'TI)- TO£p, IV(pO;TO) + TlCp, IV(pI'TI)] (C15)

The speed of sound in the nozzle throat is determined from equation (CII).

The actual Maeh number M' is then

M' - Vl (ClS)
a I

Since

quantity /iT
is

that must be added to the old value of

M _ is probably not equal to MI, a new esti_m_te of TI is made. The

T I to get the new value

(c17)

where

[(_M)sI i T i6T : _ l_)(r i _ i)Mi (c18)

With this new value of TI, equations (C15) to (C18) are a_ain solved. This

procedure was repeated until IMI - M' I was less than i0 -°. A maximum of

i0 iterations was permitted. In most cases the required convergence was ob-

tained. In no case was the value of IMI - M' I greater than i0 -S.

For critical flow, MI equals unity. For this condition the gas state at
the nozzle throat has been determined. The critical-flow factor is then

- PO ZITI _ R
(c19)
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Calculation Procedure Using State Equation in the Form Z = Z(p,T)

The following functions of Z are necessary in this calculation:

ep,i(P_T ) = Z - 1

ep,II(P,T)

(czo)

(C2l)

ep,III(O,T) fP= (ep_ I + epjii) dpJo ° (c22)

P
_p,l_(p,_)= _p,IZop

P
(c23)

pf_zl
%,v(_,T): %,z + _/T (c2_)

(_ _In)ep,Vl(P,T ) = T _ P
(c2s)

(These quantities are evaluated in a subprogram.) For an ideal gas, ep, I

to ep,vi approach zero.

In another subprogram, two functions of plenum temperature and nozzle-

throat temperature are computed:

_p,I(To,TI) = - 1 T (C26)

T/I
_p_II(T0,TI) = (cR-_ - l)dT (c27)

In terms of these functions the integrated forms of equations (16) and (17) are

so - sI p_q,
R - _p,I(To,T I) - In Pl ep,lll(Po,T O) + ep,lll(Pl,T1) = 0 (C28)
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Ho - H 1

R _,II(T0,TI) + ToE1 + ep,i(Po,T O) - ep,iV(Po, To)]

2 R
(C29)

If the derivatives in equation (18) are evaluated, the resulting expres-

sion for the speed of sound is

r

= RTIl+ ep,Va 2 +

[

]
(i + ep; I + ep211)21

i- ]R - ep ,Vl

(C50)

Since the state equation involves density, it is first necessary to solve

the following equation for the upstream gas density. The assumed quantities

are PO' TO' and % (for critical flow Ml = i).

PO = Z0°oRTo = [i * ep,I(P0,To)_PoRTo (C31)

It is necessary to employ an iterative procedure to solve equation (C51)

for PO:

(1) First approximation

p0 (c32)
PO#a = RT--_

(2) Second approximation

Po,b =

P0

i+ ep, l(p O_ a,To)] RT 0

(C33)

The succeeding approximations are found by replacing PO,a by Po,b and

IP0,b - PO,a Irepeating part 2. This process is continued until I PO,a < 1XlO -6. A

maximum of 50 iterations was permitted for all gases except steam for which

200 iterations were permitted. For the values reported herein there was no

failure to converge to the required limit. The value of the plenum density Po
is now known.

An initial estimate of T1 is determined by solving equation (C12). The

solution of equation (C28) will yield the nozzle-throat density Pl" Since Pl
is involved implicitly in this equation, an iterative procedure is necessary

for its solution. The steps for this are as follows:

(i) For the first approximation
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Cp,III(Po,T O) = ep,III(PI, TI)

is assumed. Then

- _p,I (To,TI)
Pl,a = POe (C3_)

(2) For the second approximation

is assumed. Then

Cp,lli(Pl,Tl) = _p,iii(Pl,a,Tl)

[- _p,I( To,T1)+Cp,III (PO,TO)-_p, III(Pl, a, TI ) ]
Pl,b = POe (c3s)

(3) For the succeedi_ approxi_tions Pl,a is rep_ced by Pl,b and
step (2) is repeated.

Step (5) is c°ntinued until IPl;b - Pl_al < 10-6" A _ximum °f 50itera-pl,a

tions was pe_itted. For the results reported, there was no failure to con-

verge to the required limit. With the determined value of PI' equation (C29)

can now be solved for V I. Equation (C50) is solved for the speed of sound in

the nozzle throat aI. The actual _ch number M' is now determined from
equation (C16). Since this _ch number is probab_ not equal to the assumed

_ch number _, a new esti_te of T 1 is _de. The quantity _ to be added

to the old value of T1 is dete_ined from equation (C17). The calculation

starting at equation (C3A) is repeated by usi_ this new value of T I. This

is continued until IM' - MII < 10 -5 . A _ximum of i0 iterations was permitted.

For most of the reported cases, convergence to the stated limits was obtained.

In no case was IM' - _I > 10-5"

The nozzle-throat conditions are now determined, and the value of the

critical-flow factor is given by

:C* Pl 1

PO ZO_O

(c36)
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APPENDIX D

ADDITIONAL CALCULATIONS

Calculation of VI

For steam the nozzle-throat velocity is calculated from

Vl= f[v _R (D1)

For the other gases this function is presented as a ratio of V 1 to the speed
of sound under standard conditions. This latter quantity a* is calculated

by evaluating equations (CII) or (C30) at one atmosphere and 491.688 ° R.

Calculation of pl/Po, T1/To, and pl/Po

Since the states of the gas at both the plenum and nozzle conditions can

now be completely determined from the state equation (the other necessary

quantities having been determined in the course of calculating C*); these

quantities are determined by simply taking ratios.

The following quantities are point thermodynamic functions. They depend

on the upstream stagnation pressure P0 and the upstream stagnation tempera-

ture TO .

or

Calculation of Z

The plenum compressibility factor Z0 is determined from either

Z = i + Cp, I (D2)

Z : i + <p, I (D3)

Calculation of Cp/R

Consider the case where Z = Z(p,T). The expression for cp/R is

R = R p

Equation (C9) can be rewritten by considering the initial state constant and by

dropping the subscript i as
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S .... _p_I(To,T) In p ep_iii + constant

or by referring to equations (C6) and (C7) as

or

R = R p = - eP, VI

Consider the case where Z = Z(p_T). For this case

R :-_+H _ p

(D5)

(D6)

(D7)

Equation (C28) can be rewritten by considering the initial state constant and

by dropping the subscript l:

S

H = -{p I(To 'T) - in p - e + constant (IB)p_lll

Therefore,

or by referring to equations (C25) and (C26)

and

_ = R -
C v

i - ep,Vl = -R-- (D9)

p__ _S = -1-

R T T

or by referring to equations (C20) to (C22)
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(_) (l+_i+cis)
R _T ; P'

From the state equation

z +T{_z]

_({]:
0 _T P

fSzk

z + PIPIT

or by referring to equations (C20), (C21), and (C24)

T (_p) i + Cp;l + ep II
0 _p i + c0, V

Substituting equations (D9) to (Dll) in equation (D7) results in

: T{_s]--_- i +
R \bF/p R

(i + ep; i + ep;ll )2

i + ep_ V
- ep ,Vl

(DIO)

(Dll)

(DI2 )

Consider the case where

Referring to equation (D5) yields

R T

Calculation of y

Z = Z(p,T). By definition

c /R

_(_s)_)i

_/_ep, IIl]

=-i- _< _p ]T

or referring to equation (C5) results in

P (_-,,_] = -(i + + ep.,IX)
R \OP/T ep_ I

_(_)(_)
+R T 0

(DIS)

(DI4)

(DIS )

From the state equation
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P _ z - _,_7/T

or by referring to equations (CI), (C2), and (C5)

p i + ep_ V
(D16)

If equations (DIS) and (DI6) are substituted in equation (DI4), the expression

for cv/R becomes

c__v : Cp_ (i + ep,I + ep, II )2

R R i + 6p, V
(D17)

After substituting equation (D6) into (DI7), the expression for T becomes

i + ep_ v (DIS)y=

(1 + _p;I + Cp;ll) 2

i + ep_ V - CP, i

R " eP, VI

In terms of the expression for the speed of sound, equation (CII), the expres-

sion for _ is

a2(l + ap;V) (_) (1 + ep,V)
r RT(I + ep,i)Z (l + ap,Z)

(DI9)

Consider the case where Z = Z(0,T). For this case

c_/R
r = _ (D15)

Cv/n

where c_/R )is represented by equation (DI2) and cv/R is represented byequationY(D9 . The expression for y is, therefore,

1 I1 + ep,V + (! + _p2I + ep2II)2] (D20)r = i + ap, V _ - i
R - _p ,VI

In terms of the expression for the speed of sound, equation (C30), the expres-

sion for y is
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a2 (a___O)(i + ep I)W RT(I + ep,V) (i + ep,V)
(D21)

Calculation of a

The speed of sound is calculated from either equation (CII) or (CSO) de-

pending on whether the compressibility factor is in terms of pressure and

temperature or in terms of density and temperature.
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TABLE II. - THERMODYNAMIC

(a) Critical-

Plenum

temperature,

o R

4OO

4O5

410

415

420

425

43O

435

440

445

450

455

460

465

470

475

480

485

490

495

500

510

520

&30

540

550

560

5TO

580

59O

600

610

620

650

640

650

660

67O

68O

69O

700

0.6849

0.6849

0.6849

0.6849

0.6849

0.6849

0.68a9

0.6849

0.6849

0.6849

0.6849

0.6849

0.6849

0.6849

0.6849

0.6849

0.6849

0.6849

0.6849

0°6849

0.6849

0.6849

0.6849

0.6848

0.6848

0.6848

0.6848

0.6848

0.6847

0.6847

0.6847

0.6847

0.6847

0.6846

0.6846

0.6846

0.6845

0.6845

0.6845

0.684_

0.6844

5

0.6884

0.6883

0.6882

0.6880

0.6819

0.68?8

0.6817

0.6876

0.6875

0.6814

i
0.6813

0.6813

i 0.6872

0.687l

0.6870

0.6869

0.6869

0.6868

0.6867

0,6867

0.6866

0.6865

0.6864

0.6863

q 0.6862
i

0.6861

0.6860

0.6859

0.6858

0.6857

0.6856

0.6855

0.6855

0.6854

0.6853

0.6852

0.6851

J 0.6851

! 0.6850

0.6849

0.6848

I0

0.6920

0.6917

0.6915

0.6912

0.6910

0.6908

0.6906

0.6904

0.6902

0.6900

0.6898

0.6896

0.6895

0.6893

0.6892

8.6890

0.6889

0.6887

0.6886

0.6885

0.6884

0.688l

0.6879

0.687?

0.6875

0.6875

0o6871

0.68?0

0.6868

0.6867

0.6865

0.6864

0.6862

0.6861

0.6860

0.6859

0.6858

0.6856

0.6855

0.6854

0.6855

15

0.6956

0.6952

0.6948

0.6945

0.6941

0.6938

0.6935

0.6952

0.6929

0.6926

0.6923

0.6920

0.6918

0.69]6

0.6913

0.691]

0.6909

0.6907

0.6905

0.6905

0.6901

0.6898

0.6894

0.689l

0.6888

0.6886

0.68_3

0.688]

0.6818

0.6876

0.6814

0.6812

0.6810

0.6869

0.6867

0.6865

0.686h

0.6862

0.6861

U.6859

0.6858

2O

0.6994

0.6988

0.6983

0.6978

0.6975

0.6968

0.6964

0.6960

0.6956

0.6952

0.6948

0.6945

0.6941

0.6938

0.6935

0.6932

0.6929

0.6926

0.6924

0.6921

0.6919

0.6914

0.6910

0.6906

0.6902

0.6898

0.6895

0.6892

0.6889

0.6886

0.6883

0.6881

0.6878

0.6876

0.6874

0,6872

0.6870

0.6868

0.6866

0.6864

0.6862

25

0.1032

0.1025

0.1018

0.?012

0.1006

0.7000

0.6994

0.6989

0.6984

0.69r9

0.69T4

0.6970

0.6965

0.6961

0.6957

0.6953

0.6950

0.6946

0.6945

0.6940

0.6956

0.6931

0.6925

0.6920

0.6915

0.6911

0.6907

0.6905

0.6899

0.6895

0.6892

0.6889

0.6806

0.6885

0.6880

0.6818

0.6875

0.6815

0.6811

0.6869

0.6867

5O

0.7012

0.7065

0.7054

0.1046

0.1039

0.1051

0.?025

0.1018

0.7012

0.7006

0.7000

0.6994

0.6989

0.6984

0.6979

0.69?5

0.6970

0.6966

0.6962

0.695_

0.6954

0.6947

0.6940

0.6954

0.6929

0.6923

0.6918

0.69]5

0.6909

0.6905

0.6901

0.689?

0.6894

0.6890

0.6887

0.6884

0.6881

0.6879

0.6876

0.6873

0.6871

55

U.1112

0./101

0.7091

0.70,2

U.I072

0.T064

0.1056

0.704_

0.10_0

0.7U_3

0.7026

0.7020

0.101_

0.7007

0. ?002

0.6996

0.6991

0.6986

0.6981

0.6916

0.69?2

0.6964

0.0956

0.6949

U.6942

0.6956

0.6950

0.692_

0.6919

0.691_

0.6910

0.6905

0.6901

0.6897

0.689_

0.6890

0.6881

U.6884

0.6881

U.6818

0.68T5

40

0.115_

0.1141

0.7129

0.?11S

0.7101

0.709?

0.1087

0.1078

0.1069

0.7061

0.7065

0.1U45

0.70_

0.10_I

0.(024

0.1018

0.70|2

0.1006

0.1000

0.0995

0.6990

0.6980

0.6971

0.6965

0.0955

0.6948

0.6941

0.6935

0.0929

0.0925

0.6918

0.6915

U.6909

0.690_

0.6900

0.6896

0.6893

0.0889

0.6886

0.6H_5

0.6880

Plenum

_5

0.7196

0.1181

0.1161

0.115_

0.71_2

0.?1_0

O.fllv

0.¢10d

U.70vd

0.70_8

0.1019

0.(0/I

0.1062

0.705_

0.I0_7

0.1059

0.7055

0.7026

U.I02U

0.101_

0.100_

0.6997

0.6986

0.6911

0.696_

0.696U

U.6965

0.6946

0.6959

U.695S

0.6927

0.6921

0.6916

0.6911

0.6907

0.6902

0.6890

U.6894

0.6891

0.6887

0.688_

36



PROPERTIES OF AIR

flow factor

pressure, atm

50 55

0.7239 0.7283

0.7222 0.7264

0.7206 0.72k6

0.7191 0.7229

0.7177 0.7213

0.7164 0.7198

0.715| 0.7183

0.7139 0.7170

0.7127 0.7157

0.7116 0.71k5

0.7106 0.7135

0.7096 0.7122

0.7087 0.7112

0.7078 0.7102

0.7069 0.7092

0.7061 0.7083

0.7053 0.707_

0.7046 0.7066

0.7039 0.7058

0.7032 0.1050

0.7025 0_7043

0.7013 0.7029

0.r002 0.7017

0.6991 0.7005

0.6981 0.699q

0.6972 8.6984

0.696h 0.69(5

0.6956 0.6966

0.69_9 0.6958

0.69_2 0.6951

0.6955 0.6944

0.6929 0.6957

0.692_ 0.6951

0.69|8 0.6925

0.69]3 0.69|9

0.6908 0.6914

0.6904 0,6909

0.6899 0.6904

0.6895 0.6900

0.6891 0.6896

0.6888 0.6892

6O

0.7328

0.7306

0.7286

0.7267

0.72k9

0.7232

0,7216

0.7201

0.7187

0.7173

0.7160

0.7148

0.7136

0.7125

0.7115

0.7105

0.7095

0.7086

0.7077

0.7069

0.7061

0.70_6

0.7032

0.7019

0.7007

0.6996

0.6986

0.69r7

0.6968

0.6960

0.6952

0.6945

0.6938

0.6952

0.6925

0.6920

] 0.691_

0.6909

0.6905

0.6900

0.6896

65

0.7373

0.73_9

0.7527

0.7505

0.7285

0.7267

0.7249

0.7232

0.7216

0.7202

0.7187

0.717_

0,7161

0.7149

0.7137

0.7126

0.7116

0.7106

0.7096

0.7087

0.7078

0.7062

0.70k7

0.7033

0._020

0.7008

0.6997

0.6987

0.6977

0.6968

0.6960

0.6952

0.69_5

0.6958

0.6932

0.6925

0.6920

0.6914

0.6909

0.690_

0.6899

7O

0.7419

0.7393

0.7368

0.73k_

0.7322

0.7301

0.7282

0.7264

0.72k6

0.7230

0,721_

0.7200

0.7186

0,7175

0.7160

0.7148

0.7157

0.7126

0.7115

0.7105

0.7096

0.7078

0.7O62

0.70_7

0.7033

0.7020

0.7008

0.6997

0.6987

0.6977

0.6968

0.6960

0.6952

0.69k_

0.6937

0.6931

0.6925

0.6919

0.6915

0.6908

0.6903

75

0.7k66

0.7k36

0.7409

0.7303

0.7359

0.7356

0.7315

0.7295

0.7276

0.7258

0.72k2

0.7226

0.7211

0.7196

0.7182

0.7169

0.7157

0.71k5

0.7134

0.7123

0.7113

0.709_

0.7076

0.7060

0.7045

0.7031

0.7019

0.7007

0.6996

0.6985

0.6976

0.6967

0.6959

0.6951

0.69k3

0.6936

0.6950

0.6923

0.6918

0.6912

0.6907

8O

0.7512

0.7_80

0.7450

0.7h22

0.7396

0.7371

0.75_8

0.7327

0.7306

0.7287

0.7269

J 0.725l

0.7235

I 0.7220
; 0.7205

0.7191

0.7178

0.7165

0.7153

0.71kl

i o.r13o
O. fllO

0.7091

0.7073

0.7050

0.7043

0.7029

0.7017

0.(005

0.6996

0.6984

0.6974

0.6965

0.6957

0.69_9

0.69_1

0.693_

0.69Z_

0.6922

0.6918

0.6910

85

0.7559

0.752W

0.7_92

, 0.74ol

0.7433

0.7406

i o.738|
! 0.7358

i 0.7336

! 0.7515

i

0._296

0.7277

0.7259

! 0.72_3

i O./227

0./212

! 0.71980.7184

0.7171

! 0.7159

0.7147

0.7125
I
I 0.1105

] 0.7087

i 0.7070

i 0.7054

0.1040

0.7026

0.(014

0.7002

0.6991

i 0.6981

i 0.6972

1 0.6963

] 0.695_

F 0.6947

U.6939

U.6952

0.6926

0.6919

0.69l_

9O

0.7606

0.7568

0.7535

0.7500

0.7_70

0.744l

0.141_

0.(389

0.7365

0.75_3

0.7522

0.7302

0.7284

0.7266

0.12_9

i

i 0.7233

0.721_

0.7205

0.7190

0.1176

0.7164

0.7141

0.7119

0.7100

0.7082 i

0.7065 L

0.7050

0.7036

0.7022

0.7010 I

0.6999 !

0.6988

0.6978

0.6969

0.6960

i 0.6962
0.6944

0.6937

0.69_0

0.6925

0.6917

95

0.7652

0.76 12

0.7574

0.7559

0.7506

0.74T6

0.74_7

0.7420

0.7395

O.t5 rl

0.7349

0.732/

0.730H

0.7289

0.7271

0.7254

0.7238

0.7222

0.7208

0.719_

0.7180

0.7156

u.7133

0.7|12

0.7093

0.7076

0.7060

0.70k5

0.703l

U.70IR

0.7006

0.6995

0.6984

U.6974

0.6965

0.0956

U.694_

0.69_I

U.6935

0.692_

0.6920

100

0.(699

0.7655

0.7615

0.r677

0.15_2

0.?b10

0._7_

0.7451

O.(4zq

0.7399

0.f3(5

0.7552

0.(3_I

U,(_ll

0.7292

O.T2(_

0./25/

0.7241

0.7225

0,72ll

0.7197

0._171

U.71_(

0.7126

0.(105

0.7087

0.I0_0

0.7Ubb

O.IOZ_

0.7U15

0.7001

0.6990

0.098O

0.69(_

0.6961

0.0_53

0.6v_b

u.09J(

0.6@Jd

0._925
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Plenum
temperature,

! OR

[ 400
405

410

415

420

425

_,30

435

4_0

445

450

455

460

465

470

4T5

480

_85

490

495

SO0

SlO

$20

5.30

540

550

560

570

580

590

600

610

620

630

640

650

660

670

680

690

700

0.8232

0.8283

0.8334

0.8585

0.8435

0.8485

0.8535

0.8585

0.8634

0.8683

0.8731

0.8780

0.8828

0.8876

0.8923

0.8971

0.9018

0.9065

0.9111

0.9158

0.9204

0.9295

0.9586

0.9476

0.9565

0.9653

0.9740

0.9827

0.9913

0.9998

1.0082

1.0166

1.0249

1.0551

1.0412

1.0493

5

0.8201

0.8254

0.8507

0.8359

0.8410

0.8462

0.6513

0.8563

0.861_

0.8664

0.8713

0.8763

0.8812

0.8861

0.8909

0.8957

0.9005

0.9053

0.9101

0.9148

0.9195

0.9288

0.9360

0.9471

0.9561

0.9650

0.9739

0.9826

0.9913

0.9999

1.0084

1.0168

1.0252

1.0335

1.0417

1.0499

t 10 15

0.8171 0.8141

i 0.8225 0.8197

0.8279 0.8252

0.8533 0.8307

0.8386 0.8362

0.8438 0.8416

0.8491 0.8469

0.8542 0.8522

0.859_ 0.6575

0.8645 0,8627

0.8696 0.8679

0.8746 0.8731

0.8796 0.8782

0.8846 0.8832

0.8896 0.8885

0.8945 0.8933

0.8994 0.89_

0.9042 0.9032

0.9090 0.9061

0.9138 0.9130

0.9186 0.9118

0.9280 0.92(4

0.9574 0.9369

0.9466 0.9462

0.9558 0.9555

1.0574

1.0653

1.0732

1.0811

1.0889

0.9648

0.9737

0.9826

0.9914

1.0000

1.0086

1.0172

1.0256

1.0340

1.0423

1.0505

20

0.8112

0.8169

0.8226

0.8282

0.83]8

0.8394

0.8448

0.8503

0.8557

0.8610

0.8663

0.8716

0.8768

0.8819

0.8871

0.8922

0.8912

0.9022

0.9012

0.9122

0.9171

0.9268

0.9564

0.9459

0.9553

0.9646 0.9645

0.9757 0.9737

0.9826 0.9827

0.9915 0.9917

1.0003 1.0005

1.0069 1,0095

1.0175 1.0180

1.0261 1.0265

1.0345 1.0350

1.0428 1.0435

1.0511 1.0518

1.0601

1.0683

1.0764

1.0844

1.0580 1.0586 1.0595 [

1.0660 1.0667 1.0675

1.0740 1.07_7 1.0755 I

1.0819 1.0827 1.0835

1.0897 1.0906 1.0915 ....

TABLE II. - Cclntinued.

(b) Ratio of nozzle-throat veioc:[ty to speed of

P 1 e ill:.71

25 40 45

0.800_ U 79!0.8083

0.8142

0.8201

0.8258

0.8310

0.8372

0.8429

0.8464

0.8539

0.8594

0.8648

0.8701

0.8755

0.6807

0.8859

0.8911

0.8963

0.9014

0.9064

0.9115

0.9164

0.9203

0.9361

0.9457

0.9551

0.9645

0.9737

0.9829

0.9919

1.0009

1.0091

1.0164

1.0211

1.0357

1.0441

1.0525

1.0609

1.0691

1.0773

1.085_

_0---- 35

0.8055 0.8028

0.8116 0.80vi 0.6067

0.8176 0.81%2 0.8130

0.82_5 0.8213 0.b192

I 0.8294 _.d273 0.8254

0.8352 0.835_ 0.631b

0.8410 0.8392 0.83(5

0.8466 0.8450 0.8_34

0.8523 0.6507 0.6%95

0.8578 0.8564 0.6550

0.8633 0.8620 0.8608

0.8688 0.8616 0.0664

0.87_2 0.8731 0.8{20

0.8796 O._fSb O._Tlo

0.8849 0.8859 0._[_31

0.6902 0.8893 0.8885

0.8954 0.8946 0.893Y

0.9006 0.8999 0.8995

0.9057 0.9051 0.9045

0.9108 0.9105 0.909s

0.9159 0.915_ 0.9150

0.9259 0.9255 0.9253

0.9357 0.9355 0.935_

0.9455 U.9454 0.9453

0.9551 0.7551 0.9551

0.9645 0.96_6 0.9648

0.9739 0.9741 0.9743

0.9B31 0.98Jh 0.9831

0.9922 U.9926 0.9930

1.0012 1.0011 1.0022

1.0102 I.OlOt 1.0112

1.0190 1.0196 1.0202

1.0277 1.0285 I.OZgO

1.0363 1.0370 1.0J78

1.0449 1.0486 1.046h

1.0555 1.0541 1.0550

1.0617 1.0626 I.u_35

1.0700 I.OlOv 1.0719

1.0782 1.0792 1.0602

1.0H65 I.U87_ 1.08H4

1.0944 1.09%5 1,07661.0924 1.0934

u.8044

0.6109

0.8173

0.8230

0.8298

0.6359

u.8h19

0.6_7;

0.853_

0.8590

0.6654

6.6711

0.8767

U.8825

0.8819

0.8933

0.89_/

0.9041

0.909_

0.9141

0.9251

0.9353

0.945_

0.955_

0.9650

0.9741,

0.98_I

0.9935

1.002/

1.0119

1.0209

1.02v_

1.03_6

1.04(_

1.0559

1.0644

1.0t29

1.0_12

1.0895

58



TIIEI£I,gJD'±_,[AI<IC PHOPERTIES '3F AIR

s,_urM at i atmosphe_t mM ,liI.4::- c If (]0 ",..i? ft;/'s_,c)

press*me, atrn

i '°
7955 0.7954 O. (91 g 0.78970./969 I 0.78820.79550.791,30"7869 ; O.19590./858 1_0:8025I 0.8005 °.7985 , I

0.8089 [ 0.8071 0.8051, 0.8040 0.8027 / 0.8016 O.aO08

| 0.815_ [ 0.8158 0.8122 0.8109 0.8097 J 0.8088 0.80_0

/0.821910.820, 0.8189 0.81,7 o.816r / o.8158 0.8152

0.8282 [ 0.8268 0.8255 0.821,_ 082]5 I 0 _227 08222
0.8545 [ 0.8551 0.8520 0.8510 0.8502 0.8295 0.8290

0.81,06 0.8591, 0.8581, 0.85 i'5 0.85670.8562 0.8558

0.81,56 0.81,47 0.81,59 0.8452 0.842?

0.8517 0.8509 0.8502 0.8496 0.81,72

0.8556 0.8551,

0.8_6T

0.8527

0.8586

0.6645

0.8705

0.8760

0.8817

0.8875

0.8928

0.8985

0.90_?

0.9091

0.7145

0.9250

0.935],

0.9_55

0.9555

0.9655

0.9?50

0.98u,6

0.991,0

1.005_

1.0125

1.0216

1.0506

1.0594

I 0482

1.0569

I .0654

I • 0 f'57

1.0825

1.0`'06

1.0988

0.8577

0.8657

0.8696

0.8754

0.8811

0.8868

0.8921,

0.8980

0.9055

0.9089

0.911,3

0.9250

0.9],51,

0.9457

0.9558

0.9657

0.9755

0.9851

0.991,7

1.001,0

1.0135

1.0221,

1.0511,

1.01,01,

1.01,92

1.0579

1.0665

1.U/50

1.0854

1.0918

I. 1000

0.8570

0.8630

0.8690

0.8749

0.8807

0.8865

0.8922

0.89?8

0.9055

0.9089

0.9145

0.9251

0.9556

0.91,60

0.9562

0.9662

0.9760

0.9858

0.9955

1.001,8

1.0141

1.0255

1.0_25

1.01,15

1.0502

1.0589

1.06T6

1.0761

1.0846

1.0950

1.I015

0.8561,

0.8625

0.8685

0.871,5

0.8801,

0.8862

0.8920

0.8977

0.90_5

0.9089

0.911,4

0.9252

0.9_9

0.9_65

0.9566

0.9667

0.9766

0.9864

0.9901

1.0056

1.011,9

1.0242

1.035],

1.0425

1.0512

1.0600

1.0687

1.07T_

1.085_

1.0942

1.1025

0.8559

0.8621

0.8682

0.8T45

0.8802

0.8861

0.8919

0._977

0.9051,

0.9090

0.9]46

0.9255

0.9565

0.9468

0.95TI

0.9673

0.977],

0.9872

0.9969

1.0064

1.0158

1.0251

1.05_5

1.0434

1.0523

1.0611

1.0699

1.07R5

1.0870

1.0955

1.1058

0.81,21,

0.8490

0.8618 0.8617

0.8680 0.86_0

0.871,1 0.87_2

0.8802 0._80],

0.8861 0.8865

0.89Z0 0.8922

0._9r8 0.8980

0.9055 0.9058

0.9092 0.9096

0.911,8 0.9152

0.9259 0.9264

0.9507 0.95f5

0.9475 0.91,80

0.9578 0.9565

0.9680 0.`'688

0.9781 0.9?89

0.98_0 0.9889

0.99?7 0.9987

1.0074 1.00_5

1.0168 1.0119

1.0262 1.02?2

1.0354 1.0505

1.01,1,5 1.01,56

1.0555 1.0547

1.0625 1.0656

1.0111 1.0t24

1.0798 1.0811

1.08U5 1.0_g?

1.0968 1.09_2

1.1052 1.1066

85 [
0. ?850

U.7927

0.8002

0._015

0.81_T

0.d21_

0.82_8

0.8556

0.8425

0.81,8_

0.8554

0.8618

0.8681

0.8?45

U.880b

0.8865

0.8925

U.898_

0.9042

0.9100

u.9157

0.9269

0.9579

0.94B7

0.9592

0.969&

0.9795

U._890

0.999/

1.009_

.01_0

.02_

.0377

.0468

.055`'

.0646

.O?St

.U82_

.091d

.099% 1.1010 1.102_

.I0_0 1.I09, 1.!]09 .

0.781,6 0.7_1,4

0.;925 0.7922

0.7999 0.7998

0.8075 0.80?2

0._145 0.8146

0._217 0.8218

0.8287 0.8288

0._586 0._558

0.8425 0._1,26

0.B_90 0.8_95

0.8556 0.8559

0.0620 0.8624

0.8684 0.86_U

0.U/46 0._751

0.880_ 0.8815

0.8869 0.8875

0.8950 0.8935

0.8989 0._9_5

0.9048 0.9054

0.9106 0.9115

0.9165 0.91_0

0.92?0 0.9284

0.958? 0.9595

0.9495 0.950_

0.9601 0.9611

0.9?05 0.9715

0.980_ U.9818

0.9908 0.991_

1.000_ 1.0019

I.UI05 I.UII/

1.0201 I.@215

1.0296 1.050d

1.0389 1.0402

1.0481 1.0hV_

1.0572 1.0585

1.0662 1.0675

1.0?50 1.076_

1.0t158 1.0852

1.092_ 1.095_

i 05

O. 7845

O. {VZ5

0.8000

0.8a_%

0._144

0. t_,221

0.82_2

0. 850 I

U.845d

0.80,9?

O._b6_

0. _0-I14

0.88ZU

0.88!1 I

0._9_2

U.9U05

0.`'UO2

0.912|

0.917"

0.929_

0. ;'40_

0.951_

0.9621

U.gf2t

O. _dZV

U.9-/Jl

l.ubSi

l.O IZ'/

1.U226

I.u';21

.041'_

.Ood9

. [JtH,5

. u _b5

. 10_9

.I129
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Plenum

t emp erat ure,

O R

_00

_20

_50

_60

_80

500

52O

5_0

560

580

b00

62O

6_0

660

68O

700

0 I0

0;528[ 0.5271

0.528[ 0.527l

0.528L 0.5270

0_528l 0.5270

0.5281 0.5270

0.528l 0.5269

0;528l 0.5269

0;5281 0.5270

0.5281 0.5270

! 0;5282 0.5270

! 0.5282 0.5270

i 0.5282 0.527L

0.5282 0.5271
0.5283 0.5272

0.5283 0.5272

0.528, 0.5273

TABLE II. - Continued. THERMODYNAMIC PROPERTIES OF AIR

(c) Critical pressure ratio

Plenum pressure, arm

o52o
30 ,o 6o , 70 80 90

0.5260 1 0._246/ 0.5228 0.5[82 J 0.5152 i 0.5,, 0.5077
0.5259 I 0°524,] 0.5227 0.5208 0.5185 ] 0.5|58 I 0.5127 0.5093

0.5258 I 0.5243| 0.5227 0.5208 0.5181 I 0.5[63 I 0.5135 0.5[05

0.5257 i 0.52,3_ 0.5227 0.5209 0.5189 I 0.5167 [ 0.5142 0.5115

0.5257 I 0.52,3| 0._227 0.5210 051_[ , 0.5_70 I 0.51,8 0.5123 i
F

0.5257 I 0.52,3| 0.5228 0.52ll 0.5173 I 0.5176 I 0.5153 0.5130 i

0.5257 I 0.52,3| 0.5228 0.5212 0.5195 I 0.5177 I 0.5157 0.5136 i

0.5257 I 0.524, I 0.5229 0.521, 0.5197 I 0.5180 I 0.5|6l 0.51,1 I

0.5257 I 0.52,4 [ 0.5230 ! 0.52|5 0.5199 I 0.5182 I 0.5165 0.51,5 i

052581052.5105231052, 05201105,85105,.05.,
0.5258 / 0.52,5 0.5232 0.5218 0.5203 I 0.5188 I 0.5171 0.5155 I

0.5259 I 0.52,6 [ 0.5233 0.5219 0.5205 I 0.5190 I 0.5175 0.5159 I

0.5259 I 0.52,7 I 0.523, 0.522l 0._Z07 / 0.5192 I 0.5178 0.5[62 I

0.5260 I 0.5248 i 0.5235 0.5222 0.5209 I 0.5195 r 0.5180 D.5[66 I

0-5261 1 0.52,9 1 0.5236' 0.522, 0.52l[ I 0.5197 I 0.5[83 0.5169[

0.5261 0.5250 1 0.5238 0.5212 J 0.5199 ! 0.5186 0.5172 [....... [ .... o.522_ .....

I00

0.5030

0.505_

0.5072

0.5086

0.5097

0.5106

0.5li,

0.5121

0.5127

0.5133

0.5138

0.5[,2

0.51_7

0.Sl_l

0.5155

0.5158

(d) Crltical temperature ratio

Plenum

temperature,

oR

4OO

42O

,,0

,60

480

500

520

5,0

560

580

600

620

6,0

860

680

700

Plenum pressure, atm

o I I I............. 40

0.8329 / 0.830, | 0.8280 / 0.8257 0.8235

0.8329 / 0.8306 | 0.8283 / 0.8262 0.82,[

0.8329 j 0.8308 _ 0.8287 / 0.0267 0.8247

0.8330 [ 0.8309 | 0.82q0 / 0.827[ 0.8253

0,8330 0.83111 0.8293 / 0.8275 0.8258

0.8330 0.83[2 | 0.8295 0.8278 0.8262

0.833[ 0.83l, | 0.8298 0.8282 0.8267

G.833[ 0.83[5 ] 0.8300 0.8285 0.827l
0.8332

0.8333

0.833,

0.8335

0.8336

0.8337

0.8338

!

0.8340

0.8317

0.8318

0.8320

0.8322

0.8323

0.8325

0.8327

0.8329

0.8302

0.8305

0.8307

0.8309

0.83L1

0.83L6

0.83L6

0.83L9

7O

0.8180

0.8188

0.8196

0.820,

0.8211

0.8218

0.8225

0.823|

0.8288 0.8274 0.8236

0.8291 0.8278 0.82,[

0.829, i 0.8282 0.8259 ; 0.8258 [ 0.8266

0.8297 0.8285 0.8273 i 0.8262 J 0.825[

0.8300 0.8288 0.8277 i 0.8266 | 0.8256

0.8302 0.829[ 0.828[ J 0.8210 0.8260

0.828, I 0.8276 0.8265

0.8305 0.8295

0.8288 o8,,8 , o8269

0.82L5| 0.8196

0.8222[ 0.820,

0.8229 / O.8ZtZ
0.8235 1 0.8219

0.824l_ 0.8226

0.82,7 0.8232

0.8252 0.8238

0.8257 0.82,3

0.8261 0.82,8

0.8265 0.825_

-- 8O

0.8166

0.8176

0.8182

0.8[90

0.8198

0.8205

0.8212

0.8218

0.822,

0.8230 !
i
E

0.8235

0.824[ I

o.82,6 I
0.8250 i

0.8255 [

o,_2_o i

0.8155 0.81,6

0.8161 0.8151

0.8169 0.8[58

0.8117 0.8165

0.8185 0.8173

0.8[93 0.8181

0.8200 0.8189

0.8207 0.8[96

0.8213 i 0.82020.8219 0.8209

0.8285 0.8215

0.8230 I 0.8221
0.823b _ 0.8226

0.8261 ! 0.8232

0.82,6 i 0.8237

0 8251_o 82t_

4-0



TABLE II. - Continued.

(e) Crltical density ratio

Plen, lm

temperature,

o R

400

42O

440

460

48O

50O

52O

54O

560

580

600

62O

640

660

68O

700

r .....
0.6353 | 0.6369 | 0.6388 I 0.64LI !

0.6353 | 0.6368 | 0.6386 I 0.6407 '

0.6353 0,6367 | 0.6384 I 0.6404
0.6352 0.6367 0.6383 I 0.6401

0.6352 0.6366 I 0.6381 I 0.6398

THERMODYNAMIC PROPERTIES OF AIR

Plenum pressure, arm

5O

0.6438

0.6431

0.6425

0.6421

0.64[7

0 60

0_6340 0.6669

0_6340 0.6458

0_63_0 0.6_49

0.6340 0.6442

0.6340 0.6431

0_6339 0.6352 0.6365 0.6380 0.6396 0.64[3 0.643|

0:6339 0.6351 0.6364 0.6378 0.6393 0.64[0 0°6427

0_6339 0.6351 0.6363 0.6377 0.639[ 0.6407 0.6423

0,6339 0.6350 0.6362 0,6375 0.6389 0.6404 0.6419

0_6330 0.6350 0.636[ 0.6374 0.6387 0.6402 I 0.6416

0_6338 0.6349 0.636[ 0.6373 0.6386 0.6399 i 0.6413

0_6338 0.6348 0.6360 i 0.6372 0.6384 0.6397 0.6410

0:6337 0.6348 0.6359 0.6370 0.6382 0.6395 0.660?

0.6337 0.6347 0.6358 0.6369 i 0.638[ 0.6393 i 0.6405

06336L06.6063570.636810.637910.63900.0
_ 0;6335. _ 0.6345_ ___i0.6356__] 0.6366 _/ 0°6377 L 0.6388 10.6400

0.6440

0.6435

0.643|

0.6427

0.6424

0.642[

0.64[7

0.6414

I

0.6412

0.6458 0.6476

0.6452 0.6469

0.6447 0.6463

0.6442 0.6457

0.6438 0.6452

0.6434 0.6448

0.6430 0.6443

0.6427 0.6439

0.6423 ] 0.6435

0.6495

0.6487

0.6479

0.64?3

0.6467

0.646l

0.6456

0.6452

0.6448
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PI enulr_ ] .........

I te!:Perature, _ --

i o_ I 0

415

i 420

_25

_30

_35

_45

_50

_55

_60

_65

47O

_75

480

_85

490

495

500

510

52O

530

540

550

560

570

580

590

600

610

620

6_0

6_0

650

660

6r0

680

690

700

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

I.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

S IO

_.$$22 0.98.5
0.9926 o.9853
0.9929 0.9860

0.9953 0.9867

0.9936 0.9874

0.9959 0.9880

0.9943 0.9886

0.9945 0.9892

0.9948 0.9898

0.9951 0.9903

0.9953 0.9908

0.9956 0.9913

0.9958 0.9918

0.9961 0.9922

0.9963 0.9927

0.9965 0.9931

0.9967 0.99_5

0.9969 0.9939

0.99r0 0.99h2

0.9972 0.9946

0.9974 0.9969

0.9977 0.9955

0.9980 0.9961

0.9983 0.9967

0.9985 0.9972

0.99_8 0.9976

0.9990 0.9981

0.9992 0.9985

0.999_ 0.9988

0.9996 0.9992

0.9997 0.9995

0.9999 0.9998

1.0000 l.ooom

1.0001 1.000_

1.0005 1.0006

1.0004 1.0008

1.0005 1.0010

1.0006 1.0012

1.0007 1.0014

I.O00H 1.0016

1.0008 1.0018

15 I 20

o'9769 /0'9_"
0.9780 l 0.9710

0.9792 I 0.9725
I

0.9802 I 0.9739

0.9812 0.9752

0.9822 0.9765

0.9831 0.9778

U.9840 0.9789

0.9848 0.9801

0.9857 0.9811

0.9864 0.9822

0.9812 0.9832

0.9879 0.9841

0.9885 0.9850

0.9892 0.9858

0.9898 0.986_

0.990h 0.9875

0.9910 0.9882

0.9915 0.9889

0.9920 0.9896

0.9925 0.9903

0.9935 0.9916

0.99_4 0.9927

0.9952 0.9938

0.9959 0.9948

0.9966 0.9957

0.99(5 0.9965

0.99(8 0.9973

U.9984 0.9981

0.99U9 0.9987

0.9994 0.999h

0.9998 1.0000

1.0003 1.0005

1.0006 1.0010

1.0010 1.0015

1.0013 1.0019

1.001_ 1.0023

1.0019 1.002(

1.0022 1.0031

1.0025 1.0034

1.0027 1.003t

25

0.96ZI

0.9641

0.9659

0.9677

0.9694

0.9710

0.9726

0.9740

0.9755

0.9768

0.9781

0.9795

0.9H05

0.9816

0.9827

0.983/

0.98_T

0.9856

0.9865

0.9814

0.98d2

0.9898

0.9912

0.9925

0.9957

0.9949

0.9959

0.9969

0.99(8

0.9986

0.9994

1.00U2

1.000_

1.0015

I.OOZO

1.0026

1.0031

1.0036

1.0040

1.0044

1.0048

TABLE II. - Contlr_le4.

(f) Plenum

Plenum

i:i 1 0.94,2
0.9596 o_953_

0.947W ' 0.9_I! J

0.9617 I 0.9559 0.9b03 J 0.9449 ,

o.9638 I 0 958_ 0.953u o.9_8o]
0.9667 0.9806 0.9556 0.9509

0.9710

0.9726

0.9741

0.9756

0.9770

0.9_83

0.9796

0.9808

0.9820

0.9851

0.9842

0.9852

0.9862

0.9881

0.9898

0.9914

0.9928

0.9942

0.9904

0.9906

0.997T

0.99_7

0.9996

1.0004

1.0012

1.0020

1,0027

1.0033

1.00_9

1.0045

1.0050

1.0055

1.0060

0.9667

0.9686

0.970q

0.9121

9.9_37

0.9755

0.9707

0.9782

0.9795

U.9808

0.9821

0.9833

0.984_

0.9865

0.9885

d. V90h

0.992U

0.9956

0.9950

U.996_

u.99_6

U.VgB_

0.999_

1.000_

1.0017

1.0026

1.0054

1.00_1

l.OOh_

1.0055 i

1.0061

1.0066

1.00_I

0.9626

0.9648

0.9868

0.968{

0.9706

0.9123

0.9740

0.975_

0.9t(2

0.9187

0.9801

0.981W

0.9827

0.9852

0.9874

0.9895

0.991_

0.9931

0.994?

0.9965

0.9975

0.9989

1.0001

I.OOI3

1.002_

I.U03S

I.u042

I.U050

1.b05_

I.U065

1.0072

1.0078

1.008_

0.95_

0.9611

0.963_

0.9656

0.96?0

u.9696

0.9715

0.973_

U.9750

0.9_6[

U.97_2

0.979_

0.9812

0.9859

0.986_

0.98_7

0.990_

0.9928

0.9940

U.9962

0.997_

U.9992

l.O00h

l.UOld

1.0030

1.00_0

1.0050

1.0059

1.00_8

1.00_6

1.00_

1.0091

1.0097

43



T}_(ODY]]fGIIC PROPERTIES OF AIR

compressibility factor

DPeBS_Pe j &tin

gO 55 60 65

0o928_ 0.9225 0.9168 0.9115

0.9324 0.9269 0.9216 0.916r

0.9362 [ 0.9310 0.9261 0.9215

0.9398 0.93_9 0.9303 0.926t

0.9432 0.9586 0.9544 0.950h

0.9464 0.9421 0.9382 0.9345

0.9494 0.9455 0.9418 0.93_4

0.952_ 0.9407 0.9452 U.9420

0.9551 0.951T 0.9485 0.9h66

0.9517 0.934S 0.9516 0.94_9

0.9602 0.9573 0.9545 0.9520

0.9626 0.9599 0.95Th 0.9551

0.9649 0.9624 0.9600 0.9579

0.96_1 U.9641 0.9626 0.960_

0.9692 0.9610 0.9650 0.9653

0.9711 0.9692 0.96?4 0.9658

0.9130 0.9TI2 0.9696 0.9682

0.9748 0.9732 0.9717 0.9T04

0.9766 0.9lbl 0.9738 0.9726

0.9/82 0.9169 0.9757 0.97_7

0.9198 0.9786 0.9776 0.9767

0.9820 0.9819 0.9811 0.980_

0.9855 0.9848 0.9843 0.9838

0.9801 0.9876 0.98T2 0.9810

0.990_ 0.9901 0.9899 0.9899

0.9925 0.9924 0.9924 0.9926

0.9945 0.9996 0.99117 0.9950

0.9963 0.9966 0.9969 0.9975

0.99_0 0.9984 0.99_9 0.9994

0.9996 1.0001 1.0007 I.OOih

1.0011 1.0017 1.0024 1.0032

I.O02h 1.0032 1.0040 1.0048

1.0057 1.00_5 1.005_ 1.0064

1.0049 1.0058 1.006_ 1.0019

1.0059 1.0070 1.0080 1.0092

l.OOfO 1.0081 1.0092 1.0104

1.00?9 1.0091 1.0103 1.0116

1.0088 1.0100 1.0115 l.O12t

1.0096 1.0109 1.0125 1.0137

1.0104 1.011? 1.01j2 1.0146

1.0111 1.0125 1.0140 1.0155

70

0.9066

0.9121

0.9112

0.9221

0.926?

0.9311

0.9352

0.9_91

0.9h29

0.9464

0.9_98

0.9530

0.9561

0.9590

0.961r

0.9644

0.9669

0.9693

0.9717

0.9739

0.9760

0.9799

0.9836

0.9_69

0.9900

0.9928

0.9954

0.9978

1.0001

1.0021

1.0041

1.0058

l.OOr5

1.0090

1.010_

1.0117

1.0130

1.0141

1.0152

1.0162

1.0171

15 !] 80 _ 85

0.90ZI i 0.d919 I U.d94S

0.90?9

0.915_

0.91H5

0.9254

0.92_0

0.93Z_

0.9365

0.9405

0.9442

0.9418

0.9512

0.9544

0.95?5

0.9604

0.9632

0.9669

0.96M4

0.9?09

0.9t52

0.9?b4

0.9?96

0.9854

0.9870

0.9902

0.99_2

0.9959

0.99_5

1.0008

1.0030

1.0050

1.0069

1.00_6

1.0102

I.OIIf

.0131

.0144

.OIb6

.0167

.0178

.0181

0.9040 i 0.900_

0.9098 i U.9066

I 0.91b2 i U.9123

0.9204 i U.91??

0.9252 0.9228

U.929M u.92¢6

0.95_2 0._22

0.9_ 0.936b

0.9423 0.9406

0.9460 0.9446

0.9496 0.9_85

0.9530 _.gblB

0.9_62 U.9552

0.9593 0.95S_

0.9622 U.9615

0.9651 0.96_4

0.9677 0.9672

0.9103 U.9699

0.9751 0.97_9

0.9?95 U.9795

0.9835 0.983?

0.98_2 u.98?b

0.990_ 0.9911

0.993? .9943

0.9966 .991$

0.7992 .0001

1.0017 .0027

1.uOhO .OObl

1.0001 .0013

1.00_1 .0095

I.U099 .0112

1.0116 .0129

1.0151 .01_6

1.01_6 .0161

1.0159 .0175

1.0112 .018t_

1.0183 .0200

1.019_ .0211

1.020h 1.0222

0.15976 0. d951 t_9 _ b

0.9059

0.9098

0.9207

0.92bl

0.9505

0.9550

0.9393

0.94_3

0.94?2

0.9509

0.954_

0.9b?B

0.9610

0.964U

0.9669

0.969?

0.9?23

0.9_49

0.9?96

0.98_0

_.9B80

0.9917

0.9951

0.9982

1.0011

1.003_

l.O00d

1.0085

1.0106

1.0126

I.Ol_

1.0161

1.0177

1.0191

1.0205

1.021?

I.UZ29

I.U240

0.9016

0.90??

0.915b

0.9190

0.97Ud

u.9291

u.9337

0.93_2

0.9_24

0._64

0.9502

0.9559

0.95?_

U.96t6

0.96_8

U.966_

0.969?

0.972_

0.97bl

0.9800

i 0.98_5

0.9_86

0.9925

0.9960

u.9992

.0022

.U0_9

.u0_5

.0099

.u120

|.01_I

1.0160

1.01/?

1.0193

1.02OH

1.0222

1.0235

1.0247

1.0259

b.gu:,J

0.911,'

O.q]?b

U. 12'//

U • 4ZbO

d. 9_Z5

0.90, I/

0.gqb#

0.90_ ,'H

O.gbJb

0.9',/I

U. 9t,_,%

O. _099

0.,_12?

O. /[b_

U.48 /,

0. _,._.{ ,i

1. oui;

I • U L;">_

1. OLJ d ;

1.011 _,

1.011',

1.dl,6

1.0175

I .d I_'q

1.0._ Ib

.U2dt,

.u/o_,

._2f8

45



TABLE II. - Continued.

(g) Plenum

Plenum

t e_per&ture,

oR

400

40b

410

415

420

425

43O

455

44O

445

450

455

46O

465

470

475

480

485

490

495

500

510

520

53O

54O

55O

560

57O

580

59O

600

610

620

630

640

65O

66O

67O

6dO

690

7OO

3.4928

3.4930

3.4931

3.4932

3.4933

3.4935

3.4937

3.4938

3.4940

3.4942

3.4944

3.4946

3.494fl

3.4951

3.4953

3.4956

3.4959

3.4962

3.4965

3.4968

3._972

3.4979

3.4987

3.4996

3.5005

3.5015

3.5026

3.5037

3.5049

3.5062

3.5076

3.5091

3.5106

3.5122

3.5139

3.5157

3.5176

,5.5195

3.5215

.5.5236

3.5258

5.5482

3.5466

3.5451

3.b438

3.5424

3.54 12

3.5400

3.5389

3.5379

3.5369

3.5360

3.5351

3.5343

3.5335

3.5328

3.5322

3.5316

3.5310

3.5305

3.5500

3.5296

3.5288

3.5282

3.5278

5.5275

3.5274

3.5274

3.5275

3.5278

3.5282

5.5287

3.5294

5.5302

3.5311

3. 5321

].5352

3.5345

3.5359

3.5373

3.5389

3.5406

I0

3.6063

3.6029

3.5996

3.5965

.5.5936

3.5908

3.5882

3.5856

3.5833

3.5810

3.5788

3.5768

3.5748

3.5730

3.5712

3.5696

3.5680

3.5665

3.5651

3.5638

3.5625

3.5602

3.5582

3.5564

3.5548

3.5535

3.5524

3.5515

3.5508

3.5503

3.5499

3.5498

3.5498

3.5500

3.5505

3.5508

3.5514

3.5522

3.5531

3.5541

3.5553

15

5.6674

5.6618

3.6566

3.6516

3.6468

3.6423

5.6380

3.6340

5.6301

3.626_

3.6164

3.6134

3.6105

3.6078

3.6052

3.6027

3.6003

3.5981

3.5960

3.5920

3.5884

3.5852

3.5824

3.5798

3.5776

3.5756

5.5739

3.5724

3.5694

5.5688

3.5684

5.5685

5.5683

5.56d_

5.5688

5.5695

3.5700
i

2O

3.7315

3.7235

3.7160

3.7088

3.7021

3.6957

3.6896

3.6858

3.6784

3.6731

3.6682

3.6635

3.6590

3.6547

3.6506

3.6468

3.6431

3.6395

3.6362

3.6330

3.6299

3.6242

3.6190

,5.6144

3.6101

3.6063

3.6028

3.5998

3.5970

3.5946

3.5924

3.5906

3.5890

3.5877

3.5866

3.5857

,5.5S51

3.5846

3.5844

3.5844

3.5845

25

3.7985

3.7878

:_.7778

5.7683

3.7593

3.7509

3.7428

3.7352

5.7280

.5.72 II

3.7146

3.7084

3.7025

3.6969

3.69 15

3.6864

3.68 16

3.6769

3.6725

3.66_3

3.6643

3.6568

3.6499

3.6437

3.6380

3.6329

5.6282

3.6240

3.6202

3.6167

3.6137

3.61U9

3.6085

3.6064

,5.6046

,5.6051

5.6018

3.60U8

5.60U0

3.5994 d

3.5990 [

r .50

_ --3.8685

3.8549

3.8420

3.8300

3.8186

3.8078

3. 7977

3.7880

3.7/.89

3.7703

3.7621

3.7543

3.7469

3. 7398

3.7331

3. 7267

5.7207

3./ 149

5.7093

3.7040

3.6990

3.6896

3.6810

3.6732

3.6661

3.6596

3.6536

3.6482

3.6433

3.6389

3.6349

3.6313

5.6280

3.6252

3.6226

5.6201.1

3.61433"6154

.5.6 IS4

55 40

3._414 4.0171

3.9245 5.9966

3.9086 3.9774

3.8957 '5.959_

3.8797 5.9425

5.8664 3.9266

5.8540 3.9ll7

_.8422 3.8976

5.831| 3.dSh3

3.8205 3.871_

3.8105 5.8599

3.I_011 3._486

5.7921 3.8379

3.7835 3.u278

3.7754 3._182

3.7676 3._090

5. 760,5 3.8005

3.7532 3. 792U

5.7465, 3.7841

5.7402 3.7_66

3.7341 3.7694

5.722/' 5.7560

3.7123 5./.438

•,. 7029 3. {326

5.6942 3.7224

3.6865 J./13l

3.6791 3. i'045

3.6725 3.6967

3.666_ 3.689S

3.6610 3.683|

3.6560 3.6771

3.651, 3.611f

_,.647b 5.6668

3.6_5tl 3.6625

5.6405 3.6583

3.6576 5.65_7

._. 6550 3.651_

5.6:$27 5.6485

5.630S 5.6_60

_.6291 5.6_58

J.627{ 3.6418

Plenum

I 45
I

i 4.09571

I 4.0/.10

4.0482

4.0269

4.0070

3.988.5

5.9707

5.9542

5.9386

J.925.,'

5.9100

3.t196_

3.8844

3._726

3.86 I_

3.850_

5.8407

_. 83 I0

5.8219

5.8152

3.8049

3.7894

3.7752

3.762_

3.75 U6

3.7398

J.72 _9

3.7209

3.7126

3.7060

3.6981

.',. 68U ?

5.6760

3.6716

_,.66 {_'

5.6642

5.6611

s.65_3

5.6559

_4



THERMODYNAMIC PROPERTIES OF AIR

specific heat

pressuro,

50

4.1761

4.1415

4.|209

4.0960

4.0728

4.0511

4.03O8

4.0117

3.9937

3.9767

3.9607

].9456

3.931_

3.91_8

3.9050

3.8929

3.8813

3.8703

3.8599

3.8_99

3.8405

3.8228

3.8068

3.7921

3.7787

3.7665

3.7552

3.7450

3.7355

3.7269

3.7190

3.T11T

3.;051

3.6990

3.6935

3.6885

3.6839

3.6798

3.6761

3.6728

3.6698

atm

55 60 65

%.2590

4.2259

4.1951

4.1666

_.1399

4.1150

4.0918

_.0699

4.049_

4.0302

4.0120

3.9949

5.978;

3.9634

3.94H9

3.9351

3.9221

3.9097

3.8980

3.8868

3.8761

3.8563

3.8382

3.8218

3.8068

3.7930

3.?804

3. f689

3.7583

3.7486

5.739T

3.7315

3.7240

3.7172

3.7109

3.7052

3.6999

3.6952

3.6909

3.6870

3.6836

4.3_37

4.3058

4.2701

_.2382

_.2080

4.1?98

4.1535

_.1288

4.1057

_,08_0

4.0636

4.0444

4.0262

4.0091

3°9929

3.9775

3.9630

3.9492

3.9361

3.9236

3.9117

3.8891

3.8696

3.8514

3.8547

3.8194

3.8055

3.7927

3.7809

3.7701

5.?602

3.7511

3.7428

3.7351

3.7281

3.7217

3.fl58

3._104

3.7056

3. 7012

3.6972

4.4297

4.3868

4.3413

4.310l

4.2767

4.2451

4.2 156

_.18d1

4. 1623

4.1381

4.1154

4.0940

4.0739

4.0549

4.0369

4.0199

_.0038

3.98_5

3.9?4 I

3.9603

3.94?2

3.9229

3.9009

5.8808

3.8624

3.8457

3.8303

5.8163

3.8053

3.7915

3.;806

3.;706

3./614

3.7529

3.1451

3.73_0

3.7315

3.7255

3.7201

3.7161

3.7106

?j]

4.5166

4.4686

4.4244

4.3836

4.3_58 J

4.3107 j

4.2780

4.2_75

4.2190

4.1923

4.1672

_.1436

4.1214

4.1005

4.0808

4.0621

4.0445

4.0278

4.0119

5.9968

3.9825

5.9560

3.9319

3.9099

3.8900

3.8717

3.8550

3.8596

3.8255

3.8126

3.800?

3.7898

3.7797

3.7?05

3.?620

3.7542

3.74?0

3.7404

3.7344

3.7289

3.7239

15 80

4.6039 4.6909

_.5507 4.6325

4.5018 4.bIBs

4.456? 4.5294

4.4149 4.4838

4.3763 _._415

4.3403 4.40_5

q.3068 4.3658

4.2155 4.3317

4.2462 4.2999

4.21_8 4.2701

4.1930 4.2421

4.1688 4.2158

4.1460 4.1911

4.1245 _.1678

4.1042 4.1458

4°08_9 4.1250

4.066T 4.]053

4.0495 4.0867

4.0331 4.0690

4.0176 4.0523

3.988? 4.0212

3.9626 3.9950

3.9389 3.96?4

3.9112 3.9441

3.89?4 5.9229

3.8?93 3.9034

3.8627 3._855

5.8475 3._692

3.8355 3.8541

5.8206 3._403

3.8088 3.8275

3.7919 5.5158

3.?878 3.80b0

3.1186 5.?950

3.?701 3.7859

5.16Z5 5.1T74

i 3.7551 5.?69?
3.74d6 3.7625

3.7425 3.1560

3.7311 3.?500

_.7?72 / 4._621

4.7135 _ _.1933 I

_.6015 | 4.6125 /

i:iiiiIf:ill;/
4.4631 4.5241

4.4242 4.4_17

4.3_73 4.4_2_

4.3530 4.4055

h.3208 4.3?08

4.2906 4.33_5

4.z625 4.3081

4.2351 4.2?96

_.2106 4.2528

_.1810 4.22?5

_.16_6 4.ZOJb

_.Iq35 4.1811

4.1235 4.1597

4.1045 4.1395

4.0_1,5 _.1203

4.0452 4._8_8

_.023( 4.0526

3.995? 4.0255

3._lOl 3.9969

5.9_0 3.9/27

3._2{1 3.9505

5.90HI _.9502

3._906 3.9116

5._7_5 5._945

3.8591 3._187

3.d460 5.S642

5._53b 5._b09

J.d21_ 5._5_5

3.d112 5._T2

S.sOIh t 3.8167

_.1925 _.80_0

j.7840 3.79_I

3.?763 3.789_

J 3.7692 3.?823

95 I_

4.8713 4.9_16

4.8039 _.B1,4

_.6325 _.69Jl

4.b_Sb _.h4I_

4._960 q.b4_h

4._566 q.bLI_d

4.3855 _._5I_

4.3532 4._{2

4.322_ q.5_'>l

•21_u _.zb_5

• 1945 m.2_d5

153% _. 1!_a 1

OUI( _.11_

ObOd 4.bll_

5._Z_b 3._¢61

5.9521 S._(J,

3.93Z 5 5. ;_,/

3.9142 5._5_b

5._9_% 5.916a

5.S6MO 5.5_r_

3._214 ! 5.r_5_6
3.811_ , 5._6

3._052 ! 5._1_

3.18_ 3-/99_/
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Plenum

_emp @r_t l_r_ j

I °R

I 400

405

410

%15

42O

42b

43O

_35

440

445

450

_55

_60

_65

_70

_75

48U

_85

_90

_g5

500

510

520

530

5%0

55O

56O

570

58O

590

600

61U

620

63O

6%0

650

66O

670

680

690

700

0 5

1.4012 1.4191

I._011 _ 1.4186

I._011 ] I._181

1.4011 | 1.4176

1.4011 ] 1.4171

1.4010 1.4166

1.4010 1.4162

1.4010 1.4157

1.4010 1.4153

1.4009 1.41_9

1.4009 1.41_5

1.4009 1._141

1.4008 1.413?

1.4006 1.415_

1.4007 1.4150

1.4007 1.4127

1.4007 1.4123

1.4006 1.4120

1.4006 1.411r

1.4005 1.4114

1.4005 1.4111

1.400_ 1.4105

1.4002 1.4099

1.4001 1.4093

1.3999 1.4088

1.5998 1.40H2

1.3996 1.4077

1.3994 1.4012

1.3992 1.406r

1.5990 1.4062

1.3988 1.4057

1.5986 1.4052

1.5983 1.4041

1.3981 1.4042

1.59_8 1.4057

1.5975 1.4052

1.5972 1.4027

1.5969 1.4022

1.3966 1.4017

1.5965 1.4012

1.3959 1.4007

I0

1.4380

1.4569

1.4558

1.45_7

1.4337

1.4328

1.4318

1.4309

1.4301

1.4293

1.%285

1.427T

1.4270

1.4262

1.4255

1.4249

1.4242

1.4256

1.4230

1.4224

1.4218

I._207

1.4196

1.4186

1.4177

1.4167

1.4159

1.4150

1.4142

1.4134

1.4126

1.4118

1.4111

1.4103

1.4096

1.4089

1.4082

1.4075

1.4068

15

1.4577

1.4559

1.4542

1.4525

1.4510

I._494

1.4480

1.4466

1.445_

I._440

I._428

1.4416

1.4405

1.4394

1.4385

1.4373

1.436_

1.4554

1.4344

1.4335

I._327

1.4310

1.4295

1.4280

1.4266

1.4255

1.4240

1.4228

1.4217

1.4206

1.4195

1.4185

1.41/_

1.4165

1.4155

1.4146

1.4t37

1.412_

1.4119

2O

1.4783

| 1.4758
| 1.4733

| 1.4710

1.4688

1.4627

1.4609

1.4591

1.4574

1.4558

1.4542

1.4527

1.4513

1.4499

1.4486

1.447_

1.4460

1.4448

1.4437

1.4415

1.4394

1.437_

1.4556

1.4339

1.4322

1.4306

I._292

1.4277

1.4263

1.4250

1.4238

1.4225 i

1.4214 !

L
1.4202 i
1.4191 ,

1.418o !
1.4169 I

1.4061 1.4110 j 1.4159

1.4055 1.4|02 [ 1.4149

.... i

25 50

1.4998 /1.5221
1.4964 li.5177

1.4932 11.5156

1.4901 11.50v8

1.48t2 11.5061

1 4844 |1 5026

1.4818 1.499]

1.4793 1.4902

1.470g 1.4952

1.4746 1.4g03

1.4724 1.4876

1.4705 1.4850

1.46_3 1.4825

1.4663 1.4U01

1.4645 1.4778

1.4627 1.4756

1.4610 1.4755

1.4595 1.4715

1.4578 1.4696

1.4562 1.4677

1.4548 1.4659

1.4520 1.4625

1.4494 1.4595

1.4409 1.45o4

1.4440 1.4536

1.4424 1.4510

1.44U4 1.4486

1.4385 1.4463

1.4366 1.4_41

1.4349 1.4420

1.4552 1.4400

1.4316 1.4381

1.4501 1.4363

1.4286 1.4540

1.4212 1.4529

1.4258 1.4314

1.4245 1.4298

1.4252 1.4283

1.4219 1.4269

1.42U7 1.4255

1.4196 1.4242

TABLE II.

k

35

1.5451

1.539U

1.5541

1.5300

1.5255

1.5212

I._172

1.5154

1.509_

1.5065

1.5050

1.4999

1.4969

1.4940

1.4915

1.4881

1.4862

1.48_

1.4815

1.4_92

1.47[I

1.4751

1.4693

I._659

1.4626

1.4596

1.4567

1.454U

1.4515

1.4491

1.446d

1.4_46

1.4425

1.4406

1.456_

I.%551

1.4334

1.431ff

1.4]02

1.42_7

Cont inued.

(h) Plenum

Plenum

40 45

1.5089 1.595&

1.5625 I.bSb?

1.5564 1.5785

1.5501 I.Sll_

1.5455 1.5655

1.5402 1.55V6

1.5354 1.5545

1.5309 I 3487

1.5266 1.5_56

1.5225 1.55_9

1.518_ 1.554q

1.514_ 1.5501

1.511U 1.52_1

1.5081 I 5222

1.5049 1 51Ub

1.501_ 1.5150

1.49_9 1.5116

1.4161 l.bO_

1.4934 I.bOb_

1.490B 1.502m

1.4B85 1.4995

1.4851 1.4942

1.4195 1.4895

1.4755 1.484_

1.4_16 1.4805

1.4681 1.4¢05

1.4648 1.472_

1.4617 1.4094

1.4588 1.4601

1.4561 1.4050

1.4555 1.4601

1.4510 1.%5(%

I._87 I.%548

1.4465 1.4525

1.4443 1.4499

1.4423 l.mh7?

1.4405 1.4455

1.4385 1.%464

1.4561 1.4414

1.4549 J 1.4395

46



T}{ERMODY_AMIC PROPERTIES 0F AIR

specific heat r_tio

)ressure, atm

50 55

1.6183 1.6416

1.6096 1.6354

1.6010 1.6238

;.$933 1.6149

1.5H60 1.6066

1.5791 1.5988

1.5726 1.5915

1.5666 1.5846

i.S608 1.5781

1.5554 1.5719

1.5502 1.5661

1.5454 1.5606

1.5407 1.5554

1.5363 1.5505

1.5521 1.5458

1.5281 1.5413

1.5243 1.5370

1.520r 1.5550

1.5112 1.5291

1.5139 1.5254

1.5101 1.5218

1.50_1 1.5152

1.4992 1.5090

1.4941 1.5034

1.4894 1.4981

1.4849 1.493]

1.4808 1.4887

1.4170 1.4845

1.4153 1.4805

1.4699 1.4767

1.4667 1.4752

1.4637 1.4699

1.4608 1.4608

1.4581 1.4638

1.4555 1.4609

1.4530 1.4582

1,4506 1.4557

1.4484 1.4532

1.4462 1.4508

1.4641 1.4486

60

1.6692

1.6576

1.6468

1.6367

1.6215

1.6185

1.610_

1.6026

1.5953

1.5884

1.5819

1.5758

1.5700

1.5645

1.5593

1.5543

1.5496

1.5451

1.5408

1.5567

1.5528

1.5255

1.5188

1.5125

1.5068

5015

4965

4919

4875

4855

4796

4760

.4726

I _694

._663

1.4634

1.4606

1.4580

1.4554

i 1.4530
l

1.4421 1 4464 ! 1.4507

65

1.6949

1.6819

1.6698

1.6585

1.6480

1.6382

1.6291

1.6205

1.6124

1.6048

1.5977

1.5909

1.5845

1.5785

1.5727

1.5673

1.5621

1.5512

1.5525

1.54B0

1.5437

1.5357

1.5284

1.5216

1.5154

1.5096

1.5042

1.49_2

1.49, 5

I._901

1.4860 1.4922

1.4821 1.4880

1.47_4 1.4841

1.4749 1.4804

1.4716 1.4169

1.46_5 1.4735

1.4655 1.4705

1.4627 J 1.4673

1.4600 1.464_

1.4574 j 1.4617
1.4s49 I I"_90

T T
?0 ?5

1.7205 I.?45d

1.7060 1.7299

1.6926 1.7151

1.6801 1.I015

1.6686 1.6888

1.6578 1.6710

1.6411 1.6600

1.6382 .6568

1.6294 .6461

1.6211 .6371

1.6132 .6286

1.6058 .6205

1.5989 .6130

1.5922 .6058

1.5860 .5990

1.5801 1.5926

1.574_ 1.5865

1.5691 1.5_07

1.5640 1.5752

1.5591 1.57U0

1.554_ 1.5650

1.5458 1.55b7

1.5378 1.5471

1.5305 1.5393

1.5238 1.5521

1.5175 1.525_

1.5118 1.51_2

1.5064 1.5134

1 5013 1.50_0

1 4966 1.5050

1.49_S

1.4936

1.4897

1.4857

1.48Z0

1.47_4

1.47bl

1.4719

1.46_8

1.4669

1.4651

_0

1.7106

1.1552

I.?$/2

1.1224

1.1087

1.6959

1.6_40

1.6729

1.6625

1.6527

1.6436

1.6349

1.6268

1.6191

1,6118

1.6049

1.59d4

1.5922

1.5803

1.5807

1.6755

1.5654

1.5562

1.5419

1.5_02

1.5265

1.5205

1.5146

1.b093

1.5043

1.4996

1.4951

I._910

1.4870

1.4835

1.4;97

1.4765

1._?51

1.4?00

1.4671

1.7946

I.?f59

1.75_?

1.742_

1.72_10

.r_16

.689_

.6785

.66_0

.6582

.6490

.6405

.6571

.624_

1.6170

1.0100

1.6054

I._971

1.5911

I._54

1.57_8

1.5651

1.556_

1.54_!I

1.5406

I.s2tl

I.bzll

1.5154

1.5101

1.5052

1.50U5

j 1.4961

1.4919

I._843

1.480?

1.4113

1.4t_l

I. 197_

1.1/94

I.Io2_

1.7467

1.1521

1.71M5

I.?05H

1.69k0

1.6_2d

1.612_

1.66Z6

1.6554

1.6441

1.6564

1.6286

1.021_

1,6145

1.6016

1.6013

1.5955

I.bM41

l.bh4b

1.5558

1.5_79

I._405

1.635?

1.5213

l.bZI4

1.5159

1.5105

l.SUb?

1.5U11

1.496H

J

I .4926 i
I .h8_7

I .h_bU i

T¸

95 I lut

1.8597 l.dOu'_

1.81_6 I._51_2 I
1.7992 l.dl(_

I./'I:,12 I. IV,'1

1.7645 I.?_I_

1.7492 i.?obq

I • ?34e. I . ?'_, _.

1.7214 I . 15'_ '_

l.fOd9 l.IZSl

1.6971 I.? I J_3

1.6601 I .69 ¢'_

I .676H I . 6d_4

I. 6660 I. :, ?_2

1.65o8 1.6bOo

1.64 V,2 I .ob4_

1.0400 l.Obd¢

1.65Z2 I .'o4Z/

I. 62L, 8 1 .t_5 >)

1.61 ?8 l.bZ??

1.6112 1.6z(,I

1.6044 I .0140

I.')930 I ,Odl?

1.512_ I . _C I

1.565_ 1.5/dl

1.5550 I • _6Z_

I._4 _.', I. b',5"/

1.5401 1. 590_+

1.5335 I.',34"_

1.32/2; I.bS_L)

.5215 I. _/_,9

.516U I.b/12

.51UV l.bl'*l

.5060 I . b loft

.5015 1.5u61

.49[2 I.>Ol _,

.4_I 1.4_( _,

.48"/2 1.q43_

.4855 I .qdv_

I • h ?8 I .4820 I . u,_ ,IJ

1.4748 _ .4786 I.,623
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Plenum

temperature,

o R

_00

405

_10

_15

_20

_25

_30

_35

_0

_5

_50

_55

_60

1,65

_rO

_75

_80

_85

_90

_95

5O0

510

520

550

5_0

550

560

570

580

590

6O0

610

62O

6_0

6_0

65O

660

6_0

680

690

700

0.9020

0°90(6

0.9132

0.9187

0.92k2

0.9297

0.9351

0.9406

0.9459

0.9513

0.9566

0.9619

0.9671

0.972k

0.9776

0.9827

0.9879

0.9930

0.9981

1.0032

1.0082

1.0182

1.0281

1.0579

1.0_75

1.0571

1.0666

1.0760

1.0854

1.09k6

1.1058

1.1128

1.1218

1.1307

1.1595

1.1_85

1.1570

1.1656

1.1(41

1.1826

i 1.1910

0.9007

0.9065

0.9122

0.9179

0.9256

0.9292

0.95_8

0.9_04

0.9_59

0.9515

0.9568

0.9622

0.96(6

0.9129

o.9782

0.9835

0.9887

0.9959

0.9991

1.0043

1.0094

1.0195

1.0296

1.0395

1.0495

1.0590

1.0687

1.0(82

1.0876

1.0969

1.1062

1.1153

1.1244

1.1554

1.1423

1.1511

1.1598

1.1685

1.1((1

1.1856

1.19_0

I0 15 20

|0.8997 | 0.8990 | 0.8986

10.9056 | 0.9051 / 0.90_9

lO.9115 / 0.9112 / o,9111
0.917k | 0.9172 | 0.9175

0-9252 i 0.9232 1 0.925k

0.9290 I 0.9291 0.929k

0.95_7

0.940k

0.9_61

0.9517

0.9572

0.9627

0.9682

0.9757

0.9791

0.98_4

0.9898

0.9951

1.0004

1.0056

1.0108

1.0211

1.0315

I.Oh15

1.0515

1.0611

1.0709

1.0805

1.0900

1.0994

1.1087

1.1180

1.12_1

1.1562

1.1451

1.15_0

1.1628

0.9549 0.9554

0.9407 0.941_

0.9k65 0.9k72

0.9522 0.9551

0.9579 0.9589

0.9655 0.9646

0.9691 0.9705

0.9147 0.9759

0.9802 0.9815

0.9856 0.9871

0.9911 0.9926

0.9965 0.9980

1.0018 1.0055

1.0071 1.0089

1.012_ 1.01_2

1.0228 1.02k8

1.0352 1.0552

1.0_54 1.0k56

1.0554 1.0557

1.063_ 1.0658

1.0752 1.0757

1.0829 1.0855

1.0925 1.0952

1.1020 1.1048

1.1114 1.11k5

1.1207 1.1256

1.1299 1.1529

1.1391 1.1421

1.1481 1.1512

1.1570 1.1602

1.1659 1.1691

1.1715 1.1(_6 1.1779

I • 1802 I • 1855 1 . 1866

I 1.1887 1.1919 1.1952

_ 1.1972 1.200511.2038

TABLE IX. - Concluded.

(±) Ratio of plenum speed of sound to speed

Plenum

25

0.8986

0.9050

0.911k

0.9177

0.9259

0.9501

0.9362

0.9_23

0.9485

0.95_2

0.9601

0.9659

0.9717

0.97(_

0.9851

0.9887

0.99k5

0.9999

1.0054

1.0108

1.0162

1.0270

1.0575

1.0479

1.0582

1.0684

I.OTfq

1.0885

1.0980

1.10(7

1.11(2

1.126(

1.1560

1.1452

1.15k5

1.1634

1.1725

1.1812

1.1900

1.19_6

1.2012

5o

0.8989

0.9055

0.9120

0.9185

0.92_8

0.9511

0.9575

0.9k35

0.9k96

0.9556

0.9616

0.9675

0.975_

0.9792

0.98_9

0.9906

0.9963

1.0019

1.0075

1.0130

1.01_5

1.0295

1.0400

1.0505

1.0609

1.0711

1.0812

1.0912

1.1010

1.1107

1.1205

1.129_

1.1592

1.1485

1.1576

1.1667

1.1(57

1.1846

1.195_

1.2021

1.2107

55

0.899(

0.906k

0.9150

0.9196

0.9261

0.9525

U.9388

0.9k50

0.9512

0.9575

0.965_

0.969k

0.9755

0.9812

0.9870

0.9928

0.9985

1.00k2

1.0098

1.0154

1.0210

1.0519

1.0_27

1.0553

1.0657

1.07kO

1.08_2

1.09k2

I.lOkl

1.1159

1.1255

1.1551

1.1425

1.151_

1.1611

1.1_02

1.1(92

1.1881

1.19T0

1.205(

1.21_4

_0

0.9009

0.9077

0.91_5

0.9211

0.9277

0.9342

0.9_06

0.9_69

0.9552

0.959_

0.9655

0.9(16

0.9[16

0.9855

0.989_

0.995_

1.0010

1.0068

1.0124

1.0181

1.0257

1.0455

1.0562

1.0667

1.0771

1.0873

1.097_

1.101_

1.1172

1.1269

1.1565

I.lk60

1.155_

1.16k6

1.175(

1.1828

1.1917

1.2006

1.209_

1.2180

_5

0.902C

0.909E

0.916_

0.9251

0.9291

0.958_

0.9_2_

0.9492

0.9555

0.961E

0.967_

0.9(41

0.9801

0.9861

0.9921

0.99B0

1.0058

1.0096

1.0153

1.0210

1.0266

1.0_86

1.059_

1.0699

1.0804

1.090_

1.1008

I.I108

1.1207

1.130k

1. IqOi_

1.1_95

I. 15_9

1.1682

1.177_

1.1865

1.195_

1.20_5

1.2131

1.2218



THERMOD_IAMIC PROPERTIES OF AIR

of sound at i atmosphere and 431.688 ° R

pressure, atm

50 f 55 60

0.9047 0.9074

10.9117 0.9144

10.9186 0.9214
!0.9254 0.9282

0.9321 0.9350

0.9588 0.9417

0.9453 0.9482

0.9518 0.9547

0.9581 0.9612

0.9645 0.96(5

0.9707 0.9758

0.9769 0.9800

0.9830 0.9861

0.9890 0.9922

0.9950 0.9982

1.0009 1.0042

11.0068 1.0101

1.0126 1.015o

1.0184 1.0217

1.024] 1.0274

1.0297 1.03311.0409 1.0443

1.0519 1.0554

1.0627 1.0662

1.0133 1.0769

1.0838 1.0874

1.0941 1.0978

1.1045 1,1000

1.1145 1.1180

1.1242 1.1280

1.1540 1.1378

1.1437 1.1415

1.1552 1.15{0

1.1626 1.1665

1.1719 1.1758

1.1811 1.1850

1.1902 1.1941

1.1992 1.2051

1.2081 1.2120

1.2169 1.2209

1.2257 1.2296 1.2556

(I0{_7.42 ft/sec_

0.9106 0.9143

0.9177

0.9246

0.9515

0.9585

0.9r50

0.9516

0.9581

0.9645

0.9709

0.9772

0.9834

0.9896

0.9957

1.0017

1.0077

1.0136

1.0195

1.0253

1.0310

1.0367

1.0480

1.0591

1.0699

1.0806

1.0912

1.1016

1.111_

1.1219

1.1318

1.1417

1.1514

1.1609

1.1704

1.1797

1.1890

1.1981

1.2071

1.2160

1.2249

7O

0.9187

0.9214 0.9257

0.9284 0.9526

0.9552 0.9594

0.9420 0.9462

0.9_87 0.9529

0.9555 0.9595

0.9618 0.9660

0.9685 0.9724

0.9747 0.9788

0.9810 0.9851

0.9872 0.9915

0.9934 0.9975

0.9995 1.0056

1.0055 1.0096

1.0115 1.0156

1.0174 1.0215

1.0255 1.0274

1.0291 1.0552

1.0349 1.0590

1.0406 1.0447

1.0519 1.0559

1.0629 1.0670

1.0738 1.0779

1.0846 1.0887

1.0951 1.0992

1.1055 1.1096

1.1158 1.1199

1.1259 1.1300

1.1558 1.1400

1.1457 1.1498

1.1554 1.1595

1.1650 1.1691

1.1144 1.1786

1.18_8 1.18r9

1.1950 1.1972

1.2022 1.2065

1.2112 1.2155

1.2201 1 2245

1.22_9 1.2551

] 1.2577 L I_2419

[i/!!i
0.9235

0.9505

0.9515

0.9441

0.9508

0.9575

0.9640

0.9705

0.9769

0.9852

0.9895

0.995T

1.0019

1.0080

1.0140

1.0200

1.0259

1.0317

1.0315

1.0455

1.0490

1.06_2

1.0715

1.0822

1.0929

1.1055

1.1159

1.1241

1.1342

1.1442

1.1540

1.16_8

1.1755

1.1828

1.19Z2

1.2014

1.2105

1.2196

1.22_5

1.2313

1.2461

0.9290

0.9550

0.9426

0.949S

0.9559

0.9625

0.9690

o. VT5_

0.9818

0.9881

0.9945

1.0005

1.0066

1.0126

1.0186

1.0246

1.0505

1.0565

1.0421

1.0478

1.0535

1.0647

1.0(58

1.0867

I .0914

1.1079

1.1185

1.1285

1.1586

1.1486

.1584

.1681

.1_77

.1872

.1965

.2051

.2149

.2259

.2328

.2417

1.2504

8i [  iii ii i U!I iC!
i 0.9416 0.94fi( U.9!,64

0.9481 U.9550 U.47,L%

0.9615 0.96d5

0.9616 U._(4?

U.9(59 U.96df

0.9550

0.9417

U.948_

U.95_9

0.9615

0.9619

0.9749

0.9807

U.9870

0.9952

0.9994

1.0055

1.0116

1.0176

1.0256

1.0295

1.055_

1.0411

1.0469

1.0526

1.0583

1.0695

1.0805

1.0915

1.1020

I.I125

1.122_

1.1551

1.1452

1.1531

1.162_

I.I726

1.1822

1.1916

1.2009

1.2102

1.2193

1.2285

1.2572

1.2400

1.254_

0.9546

0.9611

0.9615

0.9(50

0.9501

0.986%

0.9926

0.998_

1.0049

1.0109

1.0169

1.0229

1.02_B

1.0546

1.0405

1.0402

1.u51_

1.0516

1.0652

1.0744

1.0855

I.u961

1.106r

1.1112

1.1270

1.137(

1.1478

1.1577

1.1675

1.1772

1.1861

1.1962

1.2055

1.21_t

1.2258

1.232_

1.2411

1.2505

1.2592

i

0.9801 d. Vdt, 8

0.9865 U.VV2_

0.9924 O.Vqd9

0.9985 1.00q4

1.0046 1.010_

1.0106 l.OIhT

1.0166 1.02_

1.02_5 ._264

1.0284 .Ji4S

1.0343 .o4uO

1.0401 .0_5_

1.0454 .U515

1.0515 .0!,(I

1.0572 .0627

|.U62_ .OOd_

1.0684 .Ofi_

1.0(95 .o_4_

1.0904 .0956

1.1011 .IU_3

1.1117 .114_

1.1221 .1272

1.152_ .15t_

1.1426 .Iq/b

1.1526 .1515

1.1625 .10{3

1,1722 1.1770

1.1819 l.ldo7

1.1914 1.1961

1.2008 1.2055

1.2101 I.ZI4U

1.219J 1.2240

1.2284 1.2_5U

1.2574 1.2420

1.2462 1 .Z_J9

1.2550 1.259r_

1.2657 I. 2 bc_5

49



TABLE III. - THERMODYNAMIC

(a) Cr_ tical

Plenum

t el ip eratLL_e

OR

40C

aOb

41C

415

42C

425

1430

455

44C

t_45

456

455

_460

465

4TC

415

40C

485

490

695

50C

510

520

550

54(

550

560

51C

5[40

590

600

610

620

650

64C

65C

660

68C

6qC

70(

0.6847

0.684?

0.6847

0.6847

0.684 ?

0.6_4 T

0.68_7

0.6_4T

0.6847

0.6847

0.6847

0.68117

0.6847

0.6847

0.6847

0.6847

0.6847

0.6847

0.6847

0.68117

0.6847

0.6847

0.6847

0.6847

0.6847

0.6M47

0.6847

0.6847

0.t847

0.6847

0.6846

0.6846

0.68_6

0.68_6

0.6846

0.6846

0.68146

0.6846

0.6845

0.68_5

0.684%

C.6880

C.68?9

C.6878

C.68?6

6.6875

C.6814

0.68?3

C.68_2

C.68/2

0.6871

0.68?0

C.6869

C.686_

C.6868

6.6867

0.6866

C.686%

C.6865

C.6864

0.68_4

0.6863

C.6862

C.6861

0.6860

C.6859

C.6858

C.6857

0.6857

C.6856

C.6855

C.6855

C.6M54

C.6855

0.6853

C.6852

6.6852

0.0851

C.6851

C.6850

C.6850

C.68_9

I0

0.6914

0.6911

0.6909

0.6906

0.6904

0.6902

0.6900

0.6898

0.6896

0.6895

0.689_

0.6891

0.6890

0.6888

0.6881

0.6885

0.6884

0.6885

0.6882

0.6880

0.6879

0.6877

0.6875

0.6875

0.6871

0.6870

0.6868

0.686r

0.6865

0.686_*

0.6865

0.6862

0.6860

0.6859

0.6858

0.6857

0.6856

0.6855

0.6855

0.6854

0.6853

15

0.6948

0.6944

0.6940

0.6957

0.6954

0.6950

0.692?

0.6924

0.6922

0.69|9

0.6916

0.6914

0.6911

0.6909

0.6907

C.6905

G.6903

0.6901

C.6899

0.6897

C.6896

6.6892

0.6889

0.6886

0.688_

0.68_1

0.6819

C.6877

0.6815

0.68?3

0.6871

0.6869

0.6867

0.6866

0.6864

0.6863

C.6862

6.6860

0.6869

0.686H

0.68b7

2o]
0.6983

0.6978

0.69?3

0.6968

0.6965

0.6959

0.6955

0.6951

0.694?

0.69113

0.6940

0.6937

0.6933

0.6930

0.6927

0.6924

0.6922

0.6919

0.6'917

0.6914

0.6912

0.6907

0.6903

0.6900

0.6896

0.6895

0.6890

0.6887

0.6884

0.6881

0.68?9

0.687?

0.6874

0.6872

0.6870

' 0.6869
i

i 0.6867
! 0.6865

1 0.6864

r_ 0 .6862

0.6860

25 30

0.7019 0.?056

0.70|2 0.?04?

0.7006 0.?039

0.7000 0.1032

0.6994 0.7025

0.6988 0.7018

0.6983 0.?011

0.6978 0.?005

0.6975 0.6999

0.6968 0.6993

0.6964 0.6988

0.6959 0.6983

0.6955 0.69?8

0.6951 0.6973

0.6948 0.6968

0.6944 0.6964

0.6941 0.6960

0.6937 0.6956

0.6954 0.6952

0.6931 0.6948

0.6928 0.6945

0.6925 0.6938

0.6917 0.6952

0.6913 0.6926

0.6908 0.6920

0.690_ 0.6915

0.6900 0.6911

0.6896 0.6906

0.6893 0.6902

0.6890 0.6898

0.688? 0.6895

0.688_ 0.0891

0.6881 0.6888

0.68?9 0.6885

0.68T6 0.6882

0.68?_ 0.6880

0.6872 0.6877

0.6870 0.68/5

0.6868 0.68?2

0.6866 0.68?0

0.686_ 0.6868

i

O. ?095 ! 0.?131

0.?0_3

0.70?3

0.{064

0.7056

U.70_7

0.?040

0.7052

0.7025

0.7018

0.7012

0.7006

0.7000

0.6994

0.6989

0.698_

0.6979

0.69/_

0.6969

0.6965

0.6961

0.695_

0.6946

0.6959

0.695_

0.692?

0.6921

0.6916

0.6911

0.6907

0.6905

0.6899

0.6895

0.6891

0.6888

0.6885

0.6802

0.68?9

0.6876

0.68?4

0.68TI

Plenum

_5

0.7169

0.7119 0.7155

0.7108 0.7143

0.1091 0.7130

0.7087 0.7119

0.7078 0.7108

0.7068 0.?097

0.7060 0.7088

0.7052 0.70?8

0.7044 0.?069

0.7036 0.7061

0.7029 0.7055

0.?022 0.?0_5

0.7016 0.7037

0.1010 0.7030

0.?004 0.702_

0.0998 0.7017

0.6992 0.70|I

0.698? 0.?005

0.6982 0.6999

0.69?? 0.699_

0.6968 0.6983

0.6960 0.69?4

0.6952 0.6965

0.6945 0.6951

0.6938 0.6949

0.6932 0.6942

0.0926 0.6955

0.6920 0.6929

0.0915 U.6923

0.6910 0.6918

0.6906 0.6915

0.6902 0.6908

I 0.6898 0.690_
0.6896 0.6899

! 0.6890 0.6895

I 0.6887 0.6892

j 0.6884 0.688_

l 0.6881 0.6885
0.6078 0.6881

0.6875 r 0.6878
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PROPERTIES 07 "_ITROGEU

flow factor

+ :!+i/iiiii  ZIIZ+!i--771   78 8o
C.72Mt 0.7286 C.7326 0.7366 G.7406 0.7_M6

C.?2_0 0.7267 G.730% 0.7_3 0.7_01 0.7_19

C.#21_ 0.7249 C.72_5 0.7321 0.7356 0.(392

C.71V8 0.7232 0.7266 0.7300 0.75_4 0.7368

E.7183 0.7215 C.7248 0.7280 0.7512 0.7345

pross LII_@_ at[L

0. /20_

0.7192

0.717_

O./It_

0.7151

0.71_P C. 7 I_,9

0.TI2/ C./156

0.711'3 C./lh3

O./ICS C.11_2

O. /09'; C. t120

O. ?OR5 C.71 I0

0.7076 C. #099

0. 706 /' C. 1090

0. Z059 C. fOeO

O. _'051 6.70(2

O. ?OL_:_ C.r063

O. t(1_6 0.7055

O. 7029 C. #0h7

O. t'Q22 C. 1040

O. I(]16 C. /OJ_

O. 7010 C. ?026

0.699_ C. /0 I'_

O. t;�tq_ C. FOOl

0._97H C.6900

01% I#6 [; C. 69_.0

0.L960 C.6V/I

0.69r_2 C.6962

0._:V_2 C. n_,_O

0._920 C.692t

0.6_15 C.o_21

O._:glO 6.6015

0.69C6 C.6910

0 • C 9( 0 C. 67C%

0.£i_96 _.09_I

£.&HP5 C.68_9

0.7200

0./185

0.7171

0.7158

0.7146

0.71_4

0,7123

0,_112

0.7102

0.7092

C.708_

0.707_

O. ?06_

0.705?

0.?0_9

0.70_2

0.7028

0.?01_

0.7003

0./_9g2

C.6982

C.6972

0.6965

0.6955

0.6967

0.69_0

O.&9_U

O. 72.t I 0.7262 0.7292 O. 7_,23

0.7215 0. 12hb. 0.72/'3 0.7302

C.T2CO 0.7227 0.7255 O. 728_1

0.T185 0.7212 O. /'238 0.7265

0.71tl 0.119/' 0.7222 0.1247

O. 7 I':,8 0.7183 0.7201 0.7231

0./'Iq6 0.1169 0.7192 0.7215

O. _'1 _4 0.7157 0.?179 0.7200

0.7123 O. 71t+h 0.71o5 0./186

0.7113 0.7133 0.71_ O. F17_

U.PIC2 0.7122 0.7141 0.?160

0.7093 0.7111 0.7130 0.?148

O.70_ _ 0.7101 0.7119 0.1116

O. fO(h 0.7092 0.7109 0.7125

C.7066 0.1082 0.7099 0./'115

C.7058 O. 1074 0.7089 O. /'I05 0.7120

0.10_3 0.7057 0.7011 O. ?086 0. #099

0.T029 0.?042 0.705'J 0.7068 0 • f'Ot_, I

0.7016 0.7028 O. 7OLEO 0.f0%2 0.7U64

6.7004 0.7015 0.7026 0.7037 O.TOhR

C.6992 0.7003 O.TOl] 0.7024 O.T03q

C .6982 0 • 09'42 0 • 70C I 0.70 I I 0./'020

0.69{_ 0.6982 0.6990 0.6997 u.(OO8

0. 6964 0.6972 0.69_0 0. 6988 0.69V6

C • 69 _5 0 • 6963 0.69 I0 0 • 69 t8 0 • 6965

0.694T 0.4955 0.696| 0.696_ 0.69?%

0.6960 0.69_7 0.6955 0.6959 0.6966

0.4927 0.69_3 0.6939 0.69_5 0.6951 0.6957

0._:921 0.6927 0.6932 0.6938 0.6943 0.69_8

0.6916 0.6921 0.4926 0.6951 0.6916 0.6941

0.6910 0.6915 0.4920 C.6926 0.6929 0.6935 l

0.690% 0.6910 0.69 It_ 0.6918 0.6922 0.6926 IJ
0.6901 0.6905 0.6909 0.6912 0.6916 0.6920 I

0.6896 0.6900 0.490_ 0.690/' 0.6910 0.691_ l

0.6_92 C.68V5 0.6899 0.6902 0.6905 U.690_ I

I

0.6d88 ] 0.689L 0.6_ 0.689r 0 6900 0 6902 ]........... +" L_; :

0.748? I 0.7527

0.7_86 I 0.7_9_

0./'42H / 0.7_6_

U.7_02 [ 0./'_5

0.75// / 0.7409

0.7555 0./'584

0.7531 0.7360

0.7311 0./'_8

u.7291 0.7_17

0.7272 0.T297

0.7255 0.(218

U.7238 0.7260

U./222 0./24_

0.7207 0.722/'

0.719_ 0.1212

0.71(9 0.7198

0.716A 0.1184

O.llb_ 0.1171

0.11_2 0.1188

O./'l_O 0.1146

0./'155

0.?I15

0.1093

0.70?5

0.7059

0.7045

0./029

0.7016

0.(00_

0.6992

0.6981

0.0971

0.6962

0.6953

0.6945

0.6937

0.6950

0.6923

0.o917

0.691|

0.6905

95

0.1567

0.7552

0./'&99

0.7_69

U.I&40

0.7_14

0.7388

0.73_5

u.73_2

0.7321

0.7301

0.72_2

U.T26_

0.72_7

0.7251

0.7216

O.t20l

0.71_7

0.711_

0.7161

u.71_9

0.7127

0.7106

0.70_7

O. 1069

0.7053

0.7058

0./'024

0.7011

0.6999

_.69_8

U.69/'/'

b.6967

0.6958

U.0950

C.69_2

0.6936

0.6927

0.6920

0.6914

0.6907

I00

O.7606

0.7569

O./'bS_

0.7502

0.7_72

0.744_

0.7416

0./'391

0.7_6/'

0.7345

0.7324

0.7504

O. 1285

0. _267

0.7260

0.72_

0.7218

0.720_

O. ll90

0.1176

0.7163

0,71_0

0.?118

0.1098

0.1079

0.7062

0.7041

0.(0_2

0.7018

0.1006

0.699_

0.6983

0.6973

0.696_

0.6954

0.6946

0.6938

0.0950

0.0925

0.6916

0.6910
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TABLE ili. - Continued.

(b) Ratio of nozzle-throat velocity to speed o£

Plenum

temperature,

o R 0

400 0.8252

405 0.82_5

_IC 0._534

415 0.83H5

_20 0._435

425 0.8_H5

_3C 0._535

435 0._5_4

44C 0._634

_45 0._6_2

h5C 0.5731

_55 0.8779

_6C O.EM28

465 0.8875

4tC 0.8923

_?5 0.8970

480 0.9011

585 0.9064

49C 0.9111

495 0.915?

500 0.9205

51C 0.9295

52C 0.9386

5]C 0.9415

54C 0.9564

550 0.9653

56C 0.9740

57C 0.9B27

580 0.9912

590 0.999R

600 1.00V2

610 I.C166

620 1.0249

630 1.C_51

64C I.ChI5

650 1.0494

660 1.6574

67C 1.6654

68C I.C733

690 1.C_12

70C 1.C890

5

C.8205

C.8258

C.8510

0.8562

C.841_

C.8h65

C.b516

C.H567

C.8617

C.8667

C.8111

C.8766

C.8815

C.U86_

C.8913

6.8961

0.9009

C.9056

C.91Ch

0.9151

C.9198

0.9291

C.9383

C.VhI4

C.9564

C.965J

C.V(q2

C.9829

C.9916

1.00C2

1.0087

1.01/I

1.0255

1.0358

1.0_20

1.0502

1.0563

• 1.0665

1.0743

1.0822

1.0901

I0 15

0._1_9 0.815_

0.8234 0.8210

0.8287 0.8265

0._341 0.8320

0.8594 0.8374

0.8446 0.8428

0.8_98 0.84_I

0.8550 0.853_

0.8602 0.8587

0.8653 0.8639

0.8703 0.8690

0.875_ 0.8742

0.880_ 0.879]

0.8853 0.884_

0.8903 0.8894

0.8952 0.894_

0.9001 0.8993

0.9049 0.90_2

0.909( 0.9091

0.91_5 0.9140

0.9195 0.9188

0.9287 0.92_4

0.9580 6.9_79

0.9_7_ 0.9_/2

0.9564 0.9565

0.9654 0.9656

0.9_4 0.gZh6

0.9832 0.9836

0.9920 0.9924

1.0006 1.0012

I.C092 1.0099

1.0178 1.01_5

1.0262 1.0270

1.03_6 1.0354

1.0429 1.0438

1.0511 1.0520

1.0593 1.0002

1.06_3 1.06_

1.075_ 1.0765

1.0833 1.0845

I
1.0912 i 1.0924

20

0.8129

0.818f

0.8243

0.8299

0.8355

0.8_I0

0.8465

i 0.85190.8572

I 0.8626

0.8678

0.8711

0.878_

0.883_

0.8885

0.8936

0.8987

0.90_7

0.9086

0.9136

0.9185

0.9282

0.9_78

0.9472

0.9566

0.9658

0.9750

0.9840

0.9929

1.0018

1.0105

1.0192

1.02T8

1.0363

1.O_f

1.0530

1.0615

1.0695

1.0776

1.0857

1.0936

25

0.8106

0.8164

0.8222

0.8280

0.853?

0.8393

0.8_9

0.850_

0.8559

0.8615

0.866T

0.8720

0.8Z15

0.8826

0.8878

0.8929

0.8981

0.9032

0.90_2

i 0.9132

0.9182

0.92_0

0.937_

0.9_73

0.9568

0.9661

0.9753

0.98_5

0.9955

1.002_

1.0112

1.0200

1.0286

1.0372

1.045t

1.0541

1.062_

1.0706

1.078H

1.0869

1.09_9

50 55

0.8083 0.8061

0.8143 0.8123

0.8203 0.81d_

0.8262 0.824_

0.8320 0.830_

0._3/7 0.8365

0.8434 0.8_21

0.8_91 0.8_78

0.8547 0._555

0.8602 0.8592

0.865? 0.86_f

0.8711 0.8/05

0.8765 0.8(57

0.8818 0.8812

0.8871 0.8865

0.892_ 0.8919

0.89?6 0.8971

0.902? 0.9024

0.9078 0.90?6

0.9129 0.9127

0.9180 0.9178

0.9279 0.9279

0.93/8 0.9379

0.9475 0.9_7t

0.9570 0.95?4

0,_665 0.9669

0.9758 0.9763

0.9850 0.9856

0.99_1 0.99_8

1.0031 1.0039

1.0120 1.0128

1.0208 1.0217

1.0295 1.0305

1.0301 1.0]92

1.0_67 1.0_71

1.0551 1.0562

1.0635 1.064(

1.0718 1.0?50

1.0800 1.0813

1.0881 1.0894

1.0962 i 1.0976

_0

0.8041

0.810_

0.8167

0._228

0.8289

0.83_9

0.8_08

0.8_6_

0._525

0._582

0._639

0.8695

0.8751

0.8806

0._861

0.8915

0._968

0.9021

0.907_

0.9126

0.9178

0.9280

0.9_81

0.9_80

0.95_8

0.9674

0.9T69

0.9865

0.9955

1.0057

1.0137

1.0226

1.0315

1.0_02

1.0_89

1.051_

1.0659

1.07_3

1.0826

1.0908

1.0989

Plenum

_5

0.8022

0.808t

0.8151

0.8214

0.8276

0.8337

0.8397

0.8_5?

0.85 16

0.8574

0.8632

0.8689

0.8?46

0.8802

0.8857

0.8912

0.8966

0.9020

0.9073

0.9126

0.9178

0.9282

0.9383

0.948_

0.9582

0.96?9

0.9775

0.9870

0.996_

1.0055

1.0146

1.0236

1.0_25

t.0_13

1.0500

1.0586

1.0671

1.0756

1.0839

1.0922

1.1003

52



THERMODY]_AMIC PROPERTIES OF NITRO,SEN

sound at 1 atmosphere and 491.6_i ° R (]IOE.SI ft/sec)

ppeSSLlr@_ ate,

i " L °°-
O._!Otl _ C.d05/ |0.80_4 C.U03_

0.v156 / C d123 0.e112 c.eIC2

0._2£0

0.P26,,

0.H_26

O.H_H/

0._448

0.8501*

0.8561 _

0.9626

0._?_I

0._798

0._H54

0._910

0._9_5

0.g019

O.gO?_

0.9127

0.q14'0

0.9284

0.g5_7

0.9._8

O.g6H6

O.qr_2

0.9878

0.9972

1.00_5

1.0156

1.02h7

1.0336

I .C_25

I .6512

1.0599

1 .C6_h

I .C769

I .C853

I .0936

L I. 1018

C 81_H

C H263

C H316

C _,19

C t_441

C _562

C H562

C H62 I

0 86_0

0.d738

C._796

C.d855

C.89C9

C.8_65

C.9020

C.9014

C.9128

C.91_2

C.92_?

0.93c, I

C.94£13

0.9594

C.9693

C. 9_'90

0.98£6

C._981

1.0014

1.01_7

1.0258

1.0548

1.04_7

1.0525

1.0612

I.Obg_

I.OTE5

1.08tT

1.0950

0.#118 0.81_0

0.82_4 0.823Z

6.8308 0.8502

0.83_2 0.836?

0.84_5 0.84_0

0.8491 0.849_

0.8558 C.8555

0.8618 0.8616

0.H678 0.8616

0.8?{6 0.87_0

0.8f95 0.8#95

0.8852 0.885_

0._909 _.8910

0.8965 0.896?

0.9021 0.902&

0.90?6 0.90/9

0.9151 0._1_5

0.9185 0.91_9

0.9292 0.9297

0.9597 0.94C_

0.9499 0.9506

0.9601 U.9608

O.g?O0 0.9709

0.g799 U.980_

0.9895 0.9965

0.9991 1.0001

1.C085 1.0096

• 0178 1.0189

.0269 1.02_I

.0360 1.0_12

.0_49 1.0462

.C5_B 1.0561

.0625 1.0639

.0111 1.0726

.0197 I.OUll I

.0881 1.0896

.096% 1.09_0 I

1.1013 .I0_8 _ 1.106_ ]

70 T5 dC

0.795_

0.8025

0.8095

0._165

0.8231

0.#297

0.8_6_

0.842?

0.8491

0.8554

0.8615

0.E676

O._t37

0.8?q6

0.8855

0._915

0.8971

0.902_

0.908_

0.91_9

0.9194

0.9305

0.9410

0.951_

0.9617

0.9718

0.9818

0.9916

1.0012

1.0101

1.0201

1.0294

1.0385

1.0476

1.0565

1.0653

1.0?40

1.0826

1.0912

1.0996

1.1079

0.7946

0.8018

0.80_9

0.8159

0.8227

0.8295

0.8561

0.8_26

0.8490

0.8554

0.8616

0.86?8

0.87_9

0.8T99

0.8858

0.8917

0.8975

0.9032

0.9089

0.9145

0.9201

0.9310

0.941_

0.952_

0.9626

0.9128

0.9828

0.992?

1.0024

1.0120

1.021_

1.030_

1.0399

1.0490

1.0519

1.0668

1.0?55

1.0842

1.0927

1.1012

1.1096

0.I9_0

0.8014

0.8086

0.8156

0.8226

0.8294

0.8_01

0.842_

0.8492

0.8556

0.8619

0.8681

0._7_2

0.H803

0.886_

0.8922

0.89_I

0.;038

0.9095

0.9152

0.9208

0.9318

0.9_26

0.95_2

0.9637

0.9?39

0.9840

.9939

.0036

.01_

.0227

.0_21

.0413

.050_

.0594

1.0683

1.0771

! 1.0A58

i 1.0943

1.1028

] 2:111

O. 193?

0.8011

0._0_

0.8156

0._226

0.8295

0.8562

0.8_29

0.8495

0.8559

0.8625

0._686

0.8T_?

0.8809

0.8869

0.8929

0.89_?

U.9046

0.9105

0.9160

0.9216

0.952?

0.9436

0.95_$

0.964?

0.9750

0.9852

0.9951

1.0049

1.01_6

1.02_1

1.03_5

1.0428

1.0519

1.0609

1.0699

1.07_?

1.081_

1.09o0

1.1045

1.1129

90

O. 1936

0.8012

0.8085

0._157

0.8228

0.8298

0.B_o6

0.8435

0.8499

0.856_

0.8629

0._692

0.8816

0.8_76

0.8936

0._996

0.v054

0.9112

0.9169

0.9226

0.9357

0.944/

0.9554

0.9659

0.9165

0.9864

0.9965

1.0063

I 016o

1.0256

I 0550

I 04_3

1.0535

1.0625

1.0715

1.0803

1.0_9U

1.4977

1.1062

1.1146

F- 95

0.T958

0.8014

0.80_9

0.8162

0.8253

0.8303

0.8372

0.8459

0.8506

0.85_I

0.8656

0.8700

0.8?62

0.8824

0.8885

0.8946

0.9005

0.9064

0.9122

U.9180

0.9231

0.9349

0.9459

0.9566

0.96?2

0.97_6

0.98?8

0.99 18

1.0077

1.01T5

1.0211

1.0365

1.0458

1.0551

1.0641

1.07_I

1.0820

1.0907

1.099_

1.1079

I.I164

I00

0.79_3

0._020

0.8095

0.8168

0.82_0

0.8310

0.8580

0._448

0.8510

0.85_0

0.86_5

0.8709

0.8772

0.883_

0.8896

0.8956

0.9016

0.9015

0.9134

0.9191

0.9249

0.9561

0.9h_l

0.95?9

0.9686

0.9190

0.9892

0.9995

1.0092

1.0190

1.0286

1.0381

1.0_15

1.0567

1.0658

1.0748

1.083?

1.0925

1.1011

1.109?

I.I182
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Plenum

temperature,

o R

4OO

42O

_40

%60

',80

5O0

520

540

560

580

bOO

620

"40

660

680

100

TABLE III. - Continued. THER2dODYN_.IIC PROPERTIES OF NITROGEN

(c) Critical pressure ratio

Plenum pressure, atm

....... F ........... [...... - ........Y 0 ]- 10 _ 20 30 I 40 _ 50 / 60 ,0
" 0:;283 :_ _5_J[ 05 _.; o.5,15 o.5146
)0;_283 j0.5271 0.5257 0.5241 0._22_ 0.5201 _ 0.51. 0.5150
/0._283 _0.5271 0.5256 0.5241 0.5222 0.5202 | 0.5180 0.5155 i

0;5283 0.5270 0,5256 0.5240 0.5223 0.5204 / 0.5182 9.5159 z

0;5283 0.5270 0.5256 0.5240 0.5223 0.5205 0.5185 0,5163

0.5283 0.5270 0.5256 0.5241 0,5224 0.5206 0.5181 0.5166

0.5283 0.5210 0.5256 0.524[ 0.5225 0.5207 0.5189

0.5283 0.5210 0.5256 0.5241 0,5225 0.5209 0.5191

0.5283 0.5270 0.5256 0.5242 0.5226 0.5210 0.5193

0.5283 0.5270 0.5257 0.5242 0.5227 0.5211 0.5195

0.5243 0,5228 0.5213

0.5243 0.5229 0.5214

0.5244 ! 0.5230 0.5215

0.5245 i 0.523] 0.5217

0.5245 I 0.5232 0.52|8
I

_524_ 1 052[,

0,519T

0.5198

0.5200

0.5202

0.5204

0.5205

(d) Critical te_Tlperature ratio

0.5283 0.5270 0.5257

0.5283 0.5271 0.5257

0.5283 0.52rl 0.5258

0.5284 0.5271 0.5258

0.5284 0.5271 0.5259

0;5284 0.5272 0.5259

Plenum
Plenum pressure, arm

P--_o ......... j

0.8334 0.8312

0.8334 0.8343

0.8334 0.8314

0.8334 0.8316

0.8334 0.8317

0.8334 0.8318

0.8335 0.8319

0.8335 0.8320

i 0.8335 0.832[

0.8322

0.8323

0.832_

0.8325

0.8326

2O

0.8287

0.8290

0.8293

0.8295

0.8298

0.8300

0.8302

0.830_

0.8305

0.8307

0.8309

0.83[0

0.83&2

0.8314

0.8315

30 40

0.8259 I 0.8237
0.8265 ! 0.8243
0.8269 0.8249

0.8273 0.8254

0.8277 0.8259

0.8280 0.8263

0.8283 0.8267

0.8286 0.8271

0.8289 0.8274

0.8291 0.827?

0.8294 0.8280

0.8296 0.8283

0.8298 0.8286

0.8300 0.8_88

0.8302 0.8291

0.8304 0.8294

50 60

0.8216 0.8197

0.8224 0.8205

0.8230 0.8212

0.8236 0.8Z19

0.8242 0.8_26

0.82_7 0.8231

0.8252 0.8231

0.8256 0,8242

0.8260 0.8Z46

0.8284 0.8251

temperature,

i o R

400

i 420

440

460

_80

500

520

54O

560

58O

6OO

620 [ 0.8335

640 I 0.8336

660 I 0.8336

680 / 0.8337

?00 0;8338

0.5112 0.5015

0.5120 0.508T

0.5128 0.5098

0.5134 0.5107

0.5139 0.5114

0.5144 0.5121

0.8267 0.8255 i 0.8243
0.8271 0.8259 0.8247

0.8274 0.8262 i 0.8251

0.8277 0.8266 i 0.8255

0.8200 i 0.8269 [ 0.8259

i Z ..........0.8283 0.8273 0.8263

0.5034

0.5051

0.5065

0.5077

0.5087

0.5096

0.5169 0.5104

0o5112 0.5110

0.5115 0.5116

0.5177 0.5122

0,5180 0.5126

0,5182 0.5131

0.5185 0.5169 0.5152 I 0.5135

0.5107 ! 0.51?1 0.5155 ( 0.5139

0.5189 I 0-5174 0.5|59 I 0.51_3

0.519_' 0.sU_ 0.51_2 _ 0.514_

0.5149 0.5127

0,5i52 0.5132

0.5156 0.5137

0.5160 0.5141

0.5163 0.5145 I

0.5166 0.5149 I

70 81 90 100

0.8180 0.8165 [ 0.8151 0.8139

0.8188 0.8172 I 0.8158 0.8146

0.8196 0.8181 I 0.8167 0.8154

0.8203 0.8188 [ 0.8175 0.8162

0.8210 0.8196 I 0.8182 0.8170

0.8217 0.8202 [ 0.8189 0.8177

0.8222 0.8209 I 0.8196 0.8184

0.8228 0.8215 r 0.8202 0.8[90

0.8233 0.8220 I 0.8208 0.8197

0.8238 0.8226 I 0.821_ 0.8203

0.8231 ] 0.8219 0.8208

0.8236 I 0.822_ 0.8214 /

0.8240 I 0.8229 0.82/9 /

0.8245 I 0.823_ 0.8224

0.8249 f 0.8239 / 0.8229 /

0.8253 0.8243
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Plen n_

%c] k])oi_at1_lle,

o R

600

620

44O

460

480

500

520

540

560

580

6O0

620

64O

66O

68O

70O

0

0.6339

0.6339

0.6339

0.6339

0.6339

0.6339

0.6339

0.6339

0.6339

0.6339

0.6339

0.6338

0.b338

0.6338

0.6338
i

j 0.6337

10

0.6356

0.6353

0.6353

0.6353

0.6353

0.6352

0.6352

0.6352

0.6352

0.635[

0.6351

0.6350

0.6350 0.6362

0,6349 0o6361

0.6349 i 0.6360

0.6368 i 0.6359

T_LE Ill. - Co:<tltlued.

(e) Critical density ratio

Plenum pressure, atm

[ 0.64?4
0.637[ 0.6391 0.6415 | 0.6442

0.6370 0.6389 0.6611 | 0.6436 / 0.6664

0.6369 0.6388 0.6408 | 0.6431 i 0.6456

0.6369 0.6386 0.6605 | 0.6426 0.6449

0.6368 0.6385 0.6403 | 0°6422 0.6446
/

0.636? 0.638Z 0.6600 | 0.64[9 0.6439
0.6366 0.6382 0.6398 _ 0.6416 0.663_

THERMODY_.[AMIC PROPERTIES ,OF ]_I%R0']E'[

0.6366 0.6381

0.637g

0.63?8

0.637?

0.63?6

0.63?5

0.63?3

0.6372

0.63?[

0.6396 0.64|? 0.6430

0.6365 0.6394 0.64|0 0.662T

0.6366 0.6393 0.6408 0.6624

0.6363 0.6391 0.6605 0.6_21

0.6363 0.638_ 0.6603 0.66[6

0.6388 0.6401 0.6415

0.6386 0.6399 0.6612

0.6384 0.639? 0.64[0

0.6383 0.6395 0.640?

70

0.6509

0.6495

0.6483

0.6474

0.5666

0.6460

0.6454

0.6649

0.6466

0.6660

0.6636

0.6432

0.662g

0.6626

0.6623

0.6620

8O

0.6549

0.6529

0.6513

0.6500

0.6690

0.6482

0.64?4

0.6668

0.6662

0.645?

0.6452

0.6448

0.6443

0.6460

0.6636

0.6632

900.6596

, 0.6566

0.6565

0.6529

0.6516

0.6505

0.6695

0.668?

0.6480

0.6476

0.6668

0.6663

0.6658

0.6453

0.66_g

0.6665

I

I00

0.6646

0.660?

0.6580

0.6559!

0.6562 1

I
0.6529

0.65[7

0.6507

0.6499 1

o.6691 i

0.6685!

o.66781

0.66?3 1

0.6667

0.6663

0.6658

SS



TABLE III. - Contlnued.

(£) Plenum

PZenum

temperature,

°R 0

hOC 1.COCO

_05 I.C000

hIC 1.COCO

415 I.C000

42C l.COC0

425 I.C000

45C I.COCC

_35 1.0000

_C 1.O000

445 1.0000

45C I.£000

b55 .0000

_60 .COCO

465 .COCO

47C .COCO

4?5 .COCO

_C .COOt

485 .OOOC

h�C .COCO

b95 .0000

500 I.COCO

510 I.C000

520 I.COCO

530 1.6000

540 1.0000

55C I.CO00

560 I.COOC

570 1.0000

5_C I.COCO

590 ?.COCO

60C I.CO00

61t I.COCO

62£ I.COCO

630 I.OOO0

64£

650

660 [

L?C

6_C

69C

7OC

F 5

C.9931

C.9935

C.9938

C.9941

C.9945

C.9968

C.9951

C.9953

C.9956

C.9959

C.9961

C.9963

C.9966

C.9968

C.99t0

0.99(2

c.gglh

C.9916

C.9977

C.9979

C.99_I

C.998_

C.99ff6

C.9989

0.9991

C.9994

C.9996

C.9998

C.99_9

I.COCI

1.0002

1.0004

1.0065

1.0066

10

0.9863

0.9870

0.9877

0.9884

0.9891

0.9897

0.9903

0.9908

0.9913

0.9919

0.9923

0.992_

0.9933

0.9937

0.9941

0.9945

0.9949

0.9952

O.9956

0.9959

0.9962

0.9968

0,9974

0.9979

0.9984

0.9988

0.9992

0.9996

0.9999

1.0005

1.0006

1.0009

1.0011

1.0014

15 25 30 35

0.9796

0.9807

0.9818

0.9828

0.9838

0.98_?

8.9856

0.9864

0.98?2

0.9880

0.9887

0.9894

0,9901

0.9907

0.9914

0.9919

0.9925

0.9950

0.9956

0.99_1

G.9945

0.9954

C.9963

0.9910

0.99(7

0.9984

0.9990

0.9995

1.0001

1.0005

1.0010

1.0014

1.0018

20

0.973]

0.9?46

0.9760

0.9174

0.9187

0.9799

0.9811

0.9822

0.9835

0.984S

0.9853

0.9862

0.9871

0.9879

0.9887

0.9e95

0.9903

0.9910

0.9917

0.9923

0.9930

0.9942

0.9952

0.9963

0.9912

0.9981

0,9989

0,9996

1.000]

1.0009

1.0015

1.0020

1.0026

0.9668

0.9687

0.9704

0.9721

0.9737

0.9753

0.9767

0.9781

0.9195

0.9807

0.9819

0.9831

0.9842

0.9853

0.9865

0.9875

0.9882

0.9891

0.9899

0.990?

0.9915

0.9930

0.9944

0.9956

0.9968

0.9978

0.9988

0.9997

1.0006

1.0014

1.0021

1.002U

1.0034

0.9601

0.9629

0.9651

0.96?1

0.9690

0.9?08

0.9726

0.9745

0.9758

0.9774

0.9788

0.9802

0.9815

0.9828

0.9840

0.9851

0.9862

0.9873

0.9885

0.9893

0,9902

0.9920

0.9936

0.9951

0.9965

0.997?

0.9989

1.0000

1.0010

1,0019

1.0028

1.0036

1.0043

1.0022 1.0030 1.0040 1.0050

0.9548

0.9574

0.9599

0.9622

0.9645

0.9666

0.9686

0.9706

0.9724

0.9742

0.9759

0.9775

0.9790

0.9804

0.9818

0.9832

0.9845

0.9857

U.9869

0.9880

0.9891

0.9911

0.9950

0.994T

0.9963

0.9977

0.9991

1.0005

1.0015

1.0025

1.0035

1.004$

1.0055

Plenum

40 45

0.9492 0.9438

0.9521 0.9472

0.9550 0.9503

0.9576 0.9535

0.9602 0.9561

0.9626 0.9588

0.9649 0.9614

0.9611 0.9639

0.9692 0.9662

0.9712 0.9684

0.9731 0.9705

0.9749 0.9726

0.9766 0.9745

0.9783 0.9765

0.9799 0.9781

0.9814 0.9798

0.9829 0.9814

0.9842 0.9830

0.9856 0.984_

0.9868 0.9858

0.9881 0.9872

0.9904 0.9898

0.9925 0.9921

0.9944 0.9942

0.9962 0.9962

0.9978 0.9981

0.999W 0.9998

1.000_ 1.0015

1.0021 1.0028

I 1.0053 1.0041

1.004_ 1.0053

1.0054 1.0065

1.0064 1.0076

1.0000 1.00C8 1.0016 1.0025 1.0035 1.0045

I.COCO 1.0009 1.0018 1.0028 1.0039 1.0050

1.0000 1.0010 1.6020 1.0031 1.00_3 1.0055

I.CO00 1.0011 1.0022 1.00_4 1.0046 1.0059

I.COCC I.(}011 1.0023 1.0036 1,0049 1.0063

I.C_CO [ 1.0012 1.0025 1.0058 1.0052 1.0067

I

I.COCO J 1.0013 1.0026 1.0041 1.0055 1.0011

1.0056

1.0062

1.0068

1.0013

1.0078

1.0082

1.0086

1.0061 1.0073 |.0085

1.0068 1.0081 1.0095

1.0015 1.0089 1.0103

1.0082 1.0096 1.0111

1.0088 1.0103 1.0118

l.O09J 1.0109 1.0125

j 1-0098 I 1-0115 [ 1.0132

[ 1.010_ [ 1.0120_I.013_
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THE[_<ODYNAMIC PROPERTIES OF NITROGEN

compressibility factor

pressure, atm

r bO 1 55

0.95t!8 I c.93Ul

0.9_25 / c.93el

0.9459 / C._ 19

0.9£092 l C.9_5h

0._52_ ] C. q4e9

0.9553 C.9521

0.95H2 C.9552

O. 9 _K;9 C. 95_J 1

0.96574 C.96C9

0._659 _.9636

0.96a2 C.961E I

0._?C4 C.96_5

0._726 C.97C@

0.97116 C.9_30

0.9/65 C.9751

O. 97_II C.9/ ! I

0.900CI C.9791

O.9UIH C.98C9

0.g_35 C._827

0.9_50 C. 98ttt_

O.gH65 0.9d_0

0.969_ C.9_90

0.99 I 9 C. 9918

0.9942 C.9943

0.99_4 C._961

0.09_4 C.9909

1.C(1C3 1.00C9

1.0020 1.COAT

1 .C_ 1.C045

1.0C50 1.6060

I.CC6_ 1.0015

1. C0,_6 1.00_9

l.CCV_ I.olCI

I .C099 l. Ol I_

1.CIC9 1.012 a,

I.C118 1.0134

1.CI27 1.01_3

I.C1_5 1.0152

I.CI_2 I.C160

I.CIU9 1.0167

1.0156 I.O17a

60 ] 65

:::i:i i  :iiii
0.95_1 ] G.93hl

0.9420 0.9349

0.9457 0.9_20

0.@_92 C.94_5

0.9525 0.9501

0.9556 0.953_

0.9586 6.9566

0.9615 C.9597

0.96_2 0.9626

0.9668 0.965_

0.969_ C.9600

0.9?17 0.9706

0.91_9 0.97_0

0.9?61 0.9755

0.9782 C.9??5

0.9802 0.9796

0.9821 0.9816

0.98_9 _.9836

0.9856 0.985_

0.9089 0.98d9

0.9918 0.9921

0.99_6 0.9950

C.9971 0.997_

0.9995 1.0002

1.0016 1.0025

1.00_6 1.00_6

1.C054 1.0065

1.tOll 1.008k

1.0097 1.0100

1.0102 1,0116

1.0115 1.01JO

1.0128 1,014_

1.0139 1.0166

1.0150 1.0167

1.0160 1.0178

1.0169 1.018_

1.0178 1.0197

1.0186 1.0205

1.019_ 1.021_

7O

0.9221

0.9270

0.9317

0.9361

0.9402

0.9_2

0.9_80

0.9515

0.95_9

0.95_2

0.9613

0.96_2

0.96?0

0.9697

0.9722

0.q747

0.9770

0.9792

0.981_

0.983_

0.9854

0.9H90

0.992_

0.9955

0.998_

1.0010

1.00_

1.0051

1.0017

1.0097

1.011_

1.01_1

1.01_6

1.0160

1,0178

1.0185

1.0196

1.0207

1.0216

1.0226

1.02_

75 i dO

t

0.9190 i 0.916_
0.92W1 i 0.9217

0.9290 I 0.9268

0.9337 0.9316

0.958[ 0.9562

0.9_22 0.9_06

0.9_62 0.9h47

0.9_99 0.9_T

0.9535 0.952_

0.9569 0.9560

0.9602 0.959&

0.9633 0.9626

0.9662 0.9657

0.9690 0.9686

0.9717 0.9/I_

0.9743 0.97_1

0.9761 0.9167

0.9191 0.979l

0.9813 0.9815

0.9835 0.?837

0.9855 0._R59

0.989_ 0.9_99

0.9929 0.19_6

0.9962 0.79/0

0.9992 1.0002

1.0020 1.0030

1.00_5 1.0057

1.006_ 1.0082

1.0090 1.010_

1.0111 1.0126

1.0129 1.0145

I.Olfi6 1.0165

1.0162 1.0180

1.0117 1.0195

1.0191 1.0209

1.020_ / 1.0223

1.0215 1.0235

1.0226 1.02_6

1.0256 1.0257

1.02_5 1.0266

1.0254 1.0215

U.91_0 I 0.9121 0.9110

0.919l I 0.9181 0.9111

0.9250 _ 0.9236 0.9227

0.9300 I 0.9289 0.92_1

0.95_ I 0.9338 0.93_2

/
0.959_ 0.9_85 0.9380

0.9_57

0.9478

0.9516

0.9553

0.9589

0.9622

U.965_

0.968%

0.971_

0.97h2

0.9769

0.9/9_

0.9819

0.98_2

0.986_

0.9906

0.99h5

0.99B0

1.0013

1.0063

1.00/U

1.0096

1.0126

1.0141

1.0162

1.0180

1.019#

1.0214

1.022_

1.02_2

1.0256

1.02o7

1.0278

1.0288

1.0297

0.9h29 0.9k26

0.9_72 0.9_?0

0.9512 0.9511

0.9550 0.9550

0.9587 0.9588

0.9621 0.9624

0.9655 0.9658

0.9686 0.9690

0.9116 0.9721

0.97_5 0.9751

0.9713 0.9779

0.9799 0.9806

0.982_ 0.9852

0.98_8 0.9857

0.9872 0.9801

0.9915 0.9926

0.9955 0.9967

0.9991 1.0004

1.0025 1.0039

1.0056 .0071

1.0085 .0100

l.OIIl .0128

1.01_6 .015_

1.0158 .0176

1.01r9 .0198

1.0199 .021_

1.0217 .0236

1.0233 .0250

1.02_9 .0269

100

0.910_

0.9165

0.9223

0.9219

0.9331

0.93_0

0.9_27

0.9_1

0.951_

0.9554

0.9592

0.9629

0.966_

0.9697

0.9729

0.9?59

0.9188

0.9816

0.98_

0.9868

0.9892

0.99_

0.9980

1.0019

l.OObN

1.00_7

1.0117

1.01_5

l.Ol_I

1.0195

1.0217

1.0238

1.0257

1.027_

1.0291

1.0263 1.028_ 1.0306

1.0276 I 1,0291 1.0_19

1.0288 1.0310 1.0332

1.0299 1.0322 1.03_

10_io I i o_2 1o_55
I
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TABLE III, - Continued.

(g) Plenum

Plenum

temperature,

o R

_OC

blC

h15

_2C

425

b3O

435

4h(

b45

b55

_6C

b65

hTC

h_5

h_C

h9C

h95

50C

51C

52O

53C

54C

55C

56C

57C

5_L

5_C

6CC

61C

62C

63C

65C

66C

67C

6_C

_9C

70C

3.5010

3.5010

3.5011

3.5011

3.5011

3.5011

3.5012

3.5012

3.5012

3.5013

3.5013

3.5014

3.501h

3.5015

3.5015

3.501h

3.5017

3.5017

_.5018

3.5019

3.5020

3.5C22

3.5024

3.502T

3.50]0

3.503U

3.503T

3.5042

3.5046

3.5052

3.5058

3.506h

_.5011

3.5018

3.50P1

3.S096

3.51C5

5.5115

].5126

3.513_!

].5151

5 10

3.555_ 5.6122

3.5538 3.6088

3.5523 5.6055

3.5508 3.602a

3.5_9_ 3.5994

].5_1 3.5966

].5h68 5.5939

3.5b56 3.5913

3.5h4_ 3.5888

3.b433 3.5864

3.5h22 3.5842

3.5412 3.5820

3.5hC2 3.5799

3.5393 3.57T9

3.53_4 3.5700

3.5376 3.5742

].5367 3.5124

3.5560 3.5?08

3.5352 3.5691

].5345 3.5676

3.5358 3,5661

3.5326 3.563U

3.5315 3.560H

3.5305 3,5585

3.5296 3.5564

3.52_8 J.5545

3.52_2 3.5527

3.5276 3.5512

3.5212 3.5498

3.5268 3.5h86

3.52t6 3.5b75

3.526h _.5u65

3.52t_ _.5h58

3.5265 3.5h51

3.5266 3.5h46

3.5269 3.5h52

3.5213 I _.5440

5.52r_ 3.5u_9

3.52_3 _.5_39

3.5290 3.5_41

3.5297 3.54_h

15

3.6_I0

3.6656

3.6605

3.6556

3.6S09

3.646h

5.6h22

3.63_I

3.6342

3.6305

3.6210

3.6236

3.620_

5.6172

3.6143

3.611h

].60_7

3.6060

3.6055

5.6011

3.5988

_.5945

3.590h

5.586_

5.5_34

5.5a03

5.51?_

3.51_8

3.5725

_.5103

3.568_

3.5666

5.565|

3.563/

_.5626

_.5615

3.5607

3.5600

3.5595

3.5591

i 3,55£9

2O

3.7319

3.7243

3.7171

3.7102

3.7037

3.6975

3.6916

3.6860

3.6806

3.6155

3,6706

3.6659

3.66lh

3.6572

3.6530

3.6_91

3.645_

3.6h17

3.638_

3.6350

3.6318

3.6258

3.6203

3.6152

3.6]05

3.6062

5.6022

3.5985

3.5952

3.592l

3.5893

3.5867

3.5844

3.5823

3.5805

3.5788

3.577h

3.516|

3.5/50

3.5?h2

3.5T_5

25

3.7945

3.T8_6

3.7752

3.7662

3.7518

! 3.742l

i 3.73_8

i 3.T2783.7212

3.7149

3._0£8

3.7051

3.69_6

3.6925

3.6812

3.6824

5.6178

i 3.6753

i 3.6691

1 3.6650

5.65/3

3.6502

3.643T

3.637Z

5.6321

3.62T0

3.6223

3.61T9

3.6159

3.61_2

_.6068

_.605_

3.6009

3.59_3

3.5960

3.59_0

_.5921

3.5905

3.5891

3.5879

30

3.8587

3.8463

3.8345

3.823_

3.812B

3.8028

3.1933

3.78_3

3.7757

3.7675

3.7522

3,7451

3.T383

3.731B

3.7256

3.{19_

3._1_0

3.7086

3.T033

3.6983

3.6889

3.6802

3.6?23

3.6649

3.6581

3.6518

3.6_59

3.6_06

3.6356

3.6310

3.6268

_.6229

3.619_

3.616|

5.6132

3.61_5

3.60_1

3.6059

3.6040

3.6023

35 40

5.9244 3.9914

5.9093 3.913_

3.8950 3.9565

3.8816 3.9_06

3.8688 3.9255

3.8567 3.9113

3.8%53 3.8978

3.83_ 3.8850

3.82_1 3.8129

5.8143 3.8614

3.8049 3.8505

3.1960 3.6400

3.?8_5 3.B301

5.779_ 3.8206

5.7111 3._116

3.16_3 3.8030

5.T572 3.7947

3.T504 3.7869

3.7439 3.7793

3.7577 3.7721

3.7318 3.7652

3.1206 3.7522

3.1103 3.7403

3.7008 3.7293

5.6920 3.7191

3.6840 3.1098

3.6T65 3./011

5.6696 3.095l

3.6632 3.6857

3.65(2 3.6T88

5.6518 3.672_

5.6_67 5.6665

3.6421 3.6611

3.6378 3.656l

3.6359 3.6515

3.6502 5.64_2

3.626V 3.6433

5.6239 3.6391

5.6212 3.63o4

5.6188 5.6335

5.6|66 3.6308

Plenum

45

4.059_

4.0385

4.0188

4.0003

5.982_

3.9664

3.9508

3.9360

5.9220

3.9088

3.8962

3.8842

3.8728

3.8619

3.8510

3.8417

3.8323

5.8233

3.8]47

_.806_

3.7986

3.1858

3.7702

5.7577

S.7461

3.7355

3.7256

5.7165

3.7080

5.7002

3.6929

_.6862

3.6800

_.67_2

3.6689

5.66_0

3.6595

3.6553

3.6515

3.6_80

5.6_49
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THkRP.IL L'Y:bY:[I:.; PROPERTIES :)F NITR0i]I£I

s!Jo3lt'L2 l__at

pl'essupe, at:x

SO 5% _0 t 65

h. 10114

h. C 6(;_J

4.()he&

4.C218

b.C(H+C

3.gr) 62

3._420

a_. 9284

_;.g 155

3._69_

t._! t52

i. t99';

3. 7729

_. 16 t0

_. Ih99

•l. 7 '_9 f

_.Z_C2

a;.121_4

_.1051

.4:9 e I

`1.4'423

_.tg6;;

4.1983

_.17C9

'4. 1452

4.1212

Ja. Cg@6

4.0575

_.0384

4.0266

_.00_1

3.9?25

'.. 95_ I

_.g 18.9

`1.9010

3._957

]. H84_

`1. I!6_8

_.HU6_

_.e294

_,. /995

] • ?62 ?

_.7522

_,.N*25

3. t3311

3.1251

_a./.113

3.71£1

3. 10`14

4.268_ [ q. 3`19,5

h.2_18 u.3051

_.2G90 h.27_0

I L. Ib6_ q.2149

I h.1101 h.16_, _

} _.CUgb h. II_L6

i _.0698 h. I Ibl

4.0510 h.0980

4.0 _2 h .01t5

h.0|64 h.ObOO

4.0004 h.0424

S._52 u.025e

i _;.g 108 h.0 IC(1

3.9511 _.9950

3.9440 `1.98_I
3.9316 `1.96 _Cl

3.9191 `1.9541

_. go,q3 3.'/h 17

3.P915 3.929_

_.£,t2 5._'071

.8584 3.88 lh

3.e415 `1.86ee

3. 825_{ _.85 I ?

`1.,a 112 `1.8`15 _

3.1978 3._2 Ik_

_. 7lP_ `1.19') L

3. 16_3 $.18_d

_.735g 3.7q _*!

_.7278 `1.1452

'_. 720_ 3.T_,12

'_.6dC 1 3.6912 ! _. I I "b') 3.129!

'_°tt_# a..t)915 _ 3.FCf2 I 5.fZZr_

_.¢:tC8 `1. _862 [ '_. 7014 l `1. I 16_

_._665 _.6813 3./c #60 1 3.?1@5

] _.e62s `1.6168 I _.o91o i 3.7o80

_.t _. 121 _._e64 i 5.6V99

la ° 3T24 , U._39T /_° 5068 _.515_
I /

_69 u.4001 /'_. 4,',t, 2 4.52f2

30_8 4._644 _|4.424_ 4._842

q.2_40 4.2989 4._551 4.4011

h.2168 U.269`1 4._212 u. 5T2'4

h.1913 _.2415 1,.2911 4._399

h. 11",73 4.2154 h.2h28 4.5095

i(. 1_47 4.t908 4.2_63 4.2810

I(.10_1

q.08h0

11.0659

h .OU_?

4.0321_

h.0168

ti.0021

_;.9R80

_.9_5

`1.9611

3.9159

_;. F958

`1._?13

3.8603

3.8_46

_.8_00

5.@165

aS. 80h0

3. 1924

3.1811

3.7111

`1. 1621_

1.75_7

_. 7tl57

]. 13_2

_.7_12

_.1188

3.113_

_.1616

4.1_57

t_. 1250

4. t05U

4.08_8

4.0692

4.0525

4.03_8

_.02 I_

4.0009

`1.99`11

_.9459

`1. 922`1

`1.9029

3.884_:

`1.851

`1.824<

_.81 It',

_.[}OUO

_.TtCu

3.7[*59

3.7389

3.1325

_.7265

q.2113

4.1_!11

q • I ¢:54

4.1149f

4. 121_ "3

I, . I [b_.

h. 3 N 7_

h. r, 104

la. r j 5 I! 1

k _81

,,= Ii 2 a 9

,_V64

';.9TI3

_,.9483

$.;07?

3.8_91

_.8/.32

`1.8518

$.8303

3.81d0

`1.8066

3.?960

`1.7861

3 • T 769

.760 '1

_. f529

3. ThAO

3. (396

_.69_2

4._391

U.5895

4.bh$1

4.5001

_.4600

U.3819

4.355_

4 • 3248

4.2')41 4.2961

4.228a 4.2o91

U.2050 4.z_51

_.1824 _.219_

4. 16 I I 4. 1970

t_. 1409 h. I T55

4.1211 h.1551

t_. 1058 4. I _58

_.08_2 4.1115

_.069( 4. 1000

_.05_0 h. b8 *,t_

.0248 h. 0525

5.99NI 4.02q3

3.9131 _.9V85

3.951 a; _..91_9

3.9',01 3.9531

3.9111 ai.9 _`11

3.894 I _.9 1_6 {.9 _5

3.8?1_ 5.89_'4 5.9165

3. 862 ? $. 881% 3 •8998

3.84 [{ 1 3 • _J6/J 8 -_.8849

3.d`181 $.85 a;0 3.8100

3.8251, 3. t_U03 3.85_50

5.81Z_ :_. t_28_ _.841_ 1

3.801N 3._113 3.8325

3. 1921 3. 8070 `1.82 lb

5.1850 i 3.T914 5.8115
5.1745 3. 1881_ 5.8021

3.75V2 i 3. 7T23 3.7851
I

:,, ] oo
| 4.7041 / 4.8332

4.b511 I _.tlll
! _.6011 h.6581

I 4.$b49 u, .6087

t_.5120 t_. 562R

4 .h72 I _. 5205

k_.h_49 _.4807

4.4001 4.4_38

4.36/6 U.4092

tl.3311 _.3_b9

4.308a u. 31_65

4.281_ _,.5180

4.2559 _.2911

h.2319 4.2658

4.2092 _.241H

4.1877 _.2192

4. IbIS a. 19i'I

4.1419 b,. 1774

W. 1298 4. 1580

h. 1120 b. 1397

4.0791_ _. 1055

h.0491 L_.0 t4t_

_.0226 u. Oh61

3.9918 4.0201

3.9750 3.9962

3.95_9 3.9742

3.9b39

3.9351

3.911?

3.9015

3.886b

3.8TZb

3.8595

3.8_73 I

3.8360 I
i

3.8254 :

3.8063

3.191/'

_. _89_d

59



Plenum

temperature,

oR

4CC

U05

41C

415

42O

425

43C

435

44C

445

I_5C

455

4OG

465

47C

475

4Be

485

4gC

495

50C

51C

52C

1.3998 1.4115

1.3998 1.4170

1.3998 1.4165

1.3998 1.4160

1.3998 1.4156

1.3998 1.4151

1.3998 1.4147

1.3998 1.4143

1.3998 1.4139

1.3998 1.4135

1.3998 1.4132

1.3998 1.4128

1.3998 1.4125

1.399@ 1.4122

1.3998 1.4118

1.3997 1.4115

1.3997 1.4112

I._997 1.4110

I._997 1.4107

1.3997 1.41C4

1.3997 1.41CI

1.3996 1.4096

1.3996 1.4092

53C

54C

55C

56C

57C

58C

59C

60C

61C

620

63C

64C

65C

66C

67C

68C

69C

70C

1.3996 1.4087

1.3995 1.4083

1.3995 1.4078

I.]994 1.4074

1.3993 1.4010

1.3993 1.4067

1.3992 1.4063

1.3991 1.4059

1.3990 1.4056

I._989 1.4052

I._988 1.4048

1.39_6 1.4045

1.3985 1.4041

I._983 1.4038

1.3982 1.4034

1.39P0 1.4031

1.3978 1.4027

1.3976 1,4024

TABLE II!. - Continued.

(h) Plenum

I0 I 15

1.4559 1.4551

1.4349 1.4534

1,4338 1.4517

1.4328 1.4502

1.4319 1.4487

1.4309 1.4472

1.4301 1._459

1.4292 1.44_6

1.4284 1.4433

1.4276 1.4421

1.4269 1.44C9

1.4262 1.43_8

1.4255 1.4388

1.4248 t.4177

1.4242 1.4367

1.4236 I._358

1.4230 1.4349

1.4224 1.4340

1,4218 1.4331

1.4213 1.4123

1.4208 1.4315

1.4198 1.4300

1.4188 1.4286

1.4179 1.4272

1.4171 1.4260

1.4165 1.4248

1.4155 1.4236

1._14_ 1.4226

1.4141 1.4215

1.4134 1,4206

1.4128 1.4196

1.4121 1.4187

1.4115 1.4179

1.4109 1.4170

I,_I0_ 1.4162

1._098 1.4154

1.4092 1.4147

1.4087 1.4139

1.4082 1.4132

1.4076 1.4125

1.4071 1.4118

20 25

1.47a9 1.4954

1.4725 1.4922

1.4702 1.4892

1.4680 1.4864

1.4659 I._836

1.4640 1.4811

1.4621 1.4786

1.4602 I._762

1.4585 I._740

1.4568 1.4718

1.4552 1.4698

1.4531 1.4678

1.4522 1.4659

1.4508 1._641

1.4495 1.4624

1.4482 I._607

1.4469 1.4591

1.4457 1.4576

1.4445 1.4561

1.443_ 1.4547

1.4423 1.4533

1.4403 I._507

1.4384 1.4482

1.4366 1._459

1.4349 1.4438

1.4333 1.4418

1.4318 1.4399

1.4303 1.4381

1.4290 1.4364

1.4277 1.4348

1.4265 1.4333

1.4253 1.4318

1.4242 1.4365

1.4231 1.4291

1.4220 1.4276

1.4210 1.4266

1.4201 1.4254

1.4191 1.4245

1.4182 1.4232

1.4173 1.4221

1.4164 1,4211
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1.5164 1.5380

1.5125 1.5331

1.508_ 1.5285

1.5051 1.5242

1.5017 1.5201

1.4985 1.5162

1.4954 1.5125

1.4925 1.5090

1.4897 1.5056

1.4871 1.5025

1.4845 1.4994

1.4821 1.4965

1.4798 1.4937

1.4775 1.4911

1.4754 1.4885

1.4861

1.4837

1.4815

1.4793

1.4773

1.4r55

1.4715

1.4680

1.4647

1.4617

1.4588

1.4561

1.4536

1.4512

1.4490

1.4469

1.4448

1.4429

1.4411

1.4393

1.4377

1.4361

1.4345

1.43_0

1.4316

1.4302
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1.5599

1.5542

1.5481

1.5436

1.5588

1.5342

1.5298

1.5257

1.5217

1.5180

1.51_4

1.5110

1.5078

1.5047

1.5011

.4988

.4961

.4935

.4910

.4886

.4863

.4819

.4779

.4741

.4706

.4673

.4642

.4613

.4586

1.4560

1.4536

1.4513

1.4491

1.4470

1.4450

1.4431

1.4413

1.4395

l 1.4379

[ 1.4562

1.4347 i

Plenum
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1.5823

1.5755

1.5692

1.5632

1.5576

.5523

•5472

.542_

.5379

.5336

1.5295

1.5255

1.5218

1.5183

1.5149

1.5116

1.5085

1,5055

1.5027

1.4999

1.4973

1.4923

1.4877

1.4834

1.4794

1.4757

1.4722

1.4690

1.4659

1.4630

1.4603

1.4577

1.4552

1.4529

1.4506

1.4485

1.4465

1.4445

1.4426

1.4408

1.4391
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specific heat ratio

pressure, atm

50 55 --_ 60 _

I._049

1.59t2

1.5899

1.5_30

1.5765

1.570[I

1.56U7

1.5592

1.551_1

1.5492

1.54u5

1.54CI

1.5359

l .5_18

1.5280

1.5243

1.520H

1.5175

1.51_2

1.5112

1.50_2

I .5026

1.4975

I ._927

1.48_2

1.h_1

1.48C2

I._765

I.U{_I

1.4699

1 .N6_8

I .4640

I . L_5_6

I .4562
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1.4516

1.4494

1.4474

1.445_

1.627R 1.6508

1.61_9 1.6408

1.61C? 1.6315

1.6029 1.6228

1.595o 1.61_6

1.5887 1.6069

1.5R22 1.5996

1.5760 1.5928

1.57C2 1.5863

1,56_ 1.5802

1.5595 1.57_

1.5545 1.5689

1.5498 1.56_7

1.5_5_ 1.5587

1.5411 1.5540

1.5_70 1.5495

1.5_51 1.5452

1.52_ 1.5411

1.5258 1.53t1

1.5225 1.5354

1.5190 1.5297

1.5129 1.5230

1.5011 1.516T

1.5018 1.5109

1.4969 1.5055

1.492_ 1.5005

I._8_I 1,4958

1.4840 I._914

I._C3 1,4873

1.476T I._8]_

l._lSh I._798

1.47C2 1.4T65

I._612

I._617

I._591

I._566

1.4543

1.4520

1._499

1.447_
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1.67_8

1.6627

1.652_

1.6425

1.6355

1.6249

1.6169

1.609_

1.6022

1.5955

1.5891

1.5831

1.5_t4

1.5_19

1.5661

1.5618

1.5571

1.5526

1.5442

1.5529

1.5261

1.5198

1.5140

1.5085

1.50_4

1.49_7

1.4942

I._901

1.4861

1.4824

I._731 1.47d9

1,4_00 1._T55

I._671 I._724

1.464_ 1.4694

1,_616 1.4665

1.4591 1.463B

1 _566 I 1.4611

145_o I ,_562

f 70
1.6968

1.684_

] 1.6?29

| 1.6622

1.6522

1.6428

1.6340

1.625_

1.6179

1.6106

1.60_6

1.5970

1.5908

1.5849

1.579_

1.5139

1.5688

1.5640

1.559_

1.5549

1.5506

1.5_27

1.5_53

1.5285

1.5222

1.5164

1.5109

1.5058

1.5010

I._966

1.4925

1.4883

1.4846

1.4810

I.h776

1.4744

1.471_

1.4684

1.4656

1.4629
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1.7060

1.6933

1.6816

1.6706

1.6603

1.6507

1.641?

1.6353

1.6253

1.61?8

1.6107

1.6040

1.59T6

1.5915

1.5858

1.580_

1.5751

1.5701

1.5653

1.5608

1.5522

1.5443

1.5311

1.5305

1.5241

1.518_

1.5128

1.501t

1.5029

1.4984

1.4942

1.4901

1.4863

1._82t

1.4793

1.47o0

I._729

1.4699

l.h6TI

1.464_
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1.T425 1._6_6

1.7114 1.15_1

1.7006 I.F192

1.688? I.?06_

1.6715 1.6945

1.66_1 1.68_1

1.6514 1.6726

1.6483 1.662U

1.6397 1.6536

1.6316 1.6450

1.6240 1.6569

1.6168 1.6292

1.6099 1.6219

1.6035 1.6150

1.5913 1.6084

1.5914 1.6022

1.5859 1.590_

1.58_5 1.5906

1.5755 1.585_

1.5T06 1.5801

1.5615 1.5105

1.5531 1.5616

1.5454 1.5555

1.5_82 1.5459

1.5_16 1.5_89

1.5254 1.552_

1.5196 1.5265

1.51_2 1.5205

1.5091 1.5152

1.5043 1.5101

1.4998 1.5054
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I • 7864

I • 7686

I. 752_I

I • T5 T2

I. 723`3

I.?I04

1.6985

1.687"$

1.6768

1.6611

1.6579

1.6492

1.6411

1.63_4

1.6261

1.6191

1.6126

1.606_

I. 6001+

1. 5947

1.589,3

1.5791

1.5698

1,5612

1.5535

1.5459

1.5391

1.532T

1.5261

1.5210

1.5158

l.b lOiS

1 .4956 I .5009 1 .5060

1 .4915 I .4966 1 .5016

1._87T 1.4926 1.4914

1 ._1841 1.4888 1 ._9`35

1 • h806 1.485 I I. 4895

I • 477`3 I .4816 1 .4859

1.47.42 1.47.8_ 1 .4824

1._712 1.4T52 [ 1.47.90

1,46_J`3.... j 1.47"21 _ 1.47"59
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1.80T6

1.7884

l.F?08

I.?.546

I.T397

1.7259

1.7152

1.701,3

1.6902

1.6799

1.6701

1.6610

1.6524

1.64_,3

1.6366

1.6293

1.6225

1.6159

1.6097.

1.603_

1.5980

1.58 T4

1.577?

1.5687

1.5604

1,552T

1,5_56

1.5589

1.5326

1.526T

1.5212

1.5160

1.5110

1.5064

1.5020

1.4918

1.49`38

1.4900

1.486`3

1.4828

1.4795

1. _282

1.8014

1 • ?.885

I.?.TI2

1.7553

1 . ?.407.

1.7211

1.71116

I • ?.029

1.6920

1.6811

1.67.21

1.6651

I. 651_6

1.6466

1.6390

1.6318

1.6250

1.6185

1.612_

1.6064

1.595_

1.5852

1.5758

I. 567.2

1.5592

1.5518

1.5448

1.5385

1.5522

I . 5264

1.5210

1,5159

1,5110

I .5064

1.5021

I. _ 97.9

1.4939

1.1+901

1.1+865

1.48_1
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TABLE llI.- Concluded.

(i) Ratio of plenum speed of sound to speed of

51C

52C

5`3L

5hC

55C

56C

5?C

58C

5gC

60C

61C

62C

6_C

6_C

_6C

61C

68C

69C

?UC

i---

Plenum F 0
t O:_Der_t 111"0 z

• O R

_. __ _-......

hOC 0.9017

tlOb 0.9073

hlC 0.9129

h15 0.91P%

h2C 0.9240

h25 0.9295

4`3C O. 9`3_9

435 O.9UC_

h4C 0.9451

h45 0.9511

hSC 0.9564

h55 0.9611

h6C 0.9670

I165 0.9722

h/C O.qT?_

415 0.9826

_C O._Stl

h85 0.g_29

_9C 0.9980

Ug5 I.C030

500 I.COYI

l.Cl_l

I,C2PO

I .C318

I.C_T6

l .C572

I. C66_

1.0(62

I.C856

I.C91_9

1. li}U 1

1.1152

1. 1222

I.I_12

1. 1401

1.14_9

1.15/6

1.1663

1.1(49

1. 183_

1.1919

5

0.9011

C.9069

C.9127

C.9184

0.9240

C.929T

C.9_53

C.94C8

C.9L_61

C.9518

C.9572

C.9627

C.9680

C.9t54

C.9787

C.9840

0.9892

C.99_tI

C.9996

1.00J48

1.0099

I 0201

1.0301

I.Ob, C I

1.0500

1.05_

I. 06_14

I .Ot_V

1.0M_4

1.0978

I.I0/I

I.I163

I. 1251_

I. 154h

I. 14_4

I. 1522

1,1610

I. 1698

I. II_I_

I. 1870

I. 1955

I0

0.9009

0.9068

0.9127

0.9186

0.924&

0.9301

0.9559

0.9415

0.9412

0.9528

0.V583

0.96]9

0.9693

0.9/48

0.9802

0.9656

0.9909

0.9962

1.0015

1.0067

1.0119

t.022"3

1.0325

I. 0'426

1.0525

1 .C62_

1.0121

1.0818

l.OVl_

I• 1O08

I• 1102

I• 1195

I. 1286

I. I]/'t

I • 1468

I• 1557

I• 16_5

I. 17`33

I. 1820

I . 1906

I. 1992

i,ii ;o
0.9009

0.9070

0.9131

0.9191

0.9250

0.9509

0.9368

0.9426

0.9483

0.95_0

0.959_

0.9653

0.9709

0.9765

0.9820

0.9814

0.9928

0.9982

1.0036

1.0089

1.Olh2

1.02h7

1.0350

1.0h52

1.0555

1.0652

1.0751

1.084B

1.09L$5

I.I0_0

.II_5

.1228

ol321

.I_12

.1503

.1593

I .16H2

0.90t3 0.9020

0.9075 0.90d_

0.91`37 0.91_

0.9199 0.9210

0.9260 0.9272

0.9320 0.933_

0.9380 0.9_95

0.9_39 0.9455

0.9497 0.9515

0.9556 0.9574

0.961_ 0.9632

0.9671 0.9691

0.9727 0.97_8

0.978_ 0.9805

0.98_0 0.9862

0.9895 0.9918

0.9950 0.9914

1.0005 1.0030

1.0059 1.0085

1.011_ 1.0159

1.0167 1.0193

1.0272 1.0`300

1.0377 1.0_06

1.0_80 1.0510

1.0582 1.0613

1.0683 1.0715

1.0_82 1.0815

1.0880 1.091_

1.0978 1.1012

I,I07_ 1.1109

1.1169 1.120_

1.1263 1.1299

1.1356 1.1393

l.lh_B I.I_85

1.1519 1.15/7

1.1630 1.166_

1.1719 1.1157

! .17tO 1.1807 I 1.18_6

i .1857 1.1895 1.193_

.19hh 1,1982 I 1.2021

I
1.2029 1.2068 I 1.2168

T 35

0.90_7

0.9115

0.9179

D.92_

0.9308

0.93_2

0.943_

0.9_97

0.9558

0.9619

0.9679

0.9739

0.9798

0.985_

0.9915

0.991`3

1.0030

1.0006

i.014_

1.0198

1.025h

1.0565

1.0410

1.0576

1.0681

1.078_

1.0885

1.09_6

1.1085

l.lIU_

1.12HO

I.I_5

I.l_?O

I. 1505

1.1655

30

0.90_1 1

0.9096 !

0.9161

0.9225

0.9288

0.9351

0.9h13

0.9h?_

0.9535

0.9595

0.965_

0.9713

0.97/2

0.98`30

0.9807

0.9944

1.0001

1.0057

1.0112

1.0168

1.0222

1.0331

1.0437

1.05_2

1.06_6

1.0748

1.0849

1.09_9

l • 1048

I. 11&5

1.1241

I.I_36

1.1410

1.1523

1.1616

k

_0

0.9066

0.913_

0.9201

0.9267

0.93_2

0.9396

0.9_60

0.9523

0.9585

0.9641

0.9708

0.9768

0.9828

0.9881

0.99_6

1.0004

I.O061

1.0119

1.0115

1.0231

1.0287

1.0597

1.0505

1.0612

1.0111

1.0821

1.0923

1.I02_

I.I12_

1.1222

1.1519

1.1415

1.1510

1.1604

1.1696

1.1707 1.174/ 1.1788

1.1797 1.1837 1.1879

1.1886 1.192T 1.1968

1.1914 1.2015 l 1.2051

1.2062 1.210] 1.21h5

1.2168 1.2190 I 1.22`32
................ ±

Plenum

_5

0.9091

0.9159

0.9227

0.929_

0.9359

0.9_2h

0.9489

0.9552

0.961

0.9677

0.97`39

0.9800

0.9860

0.9920

0.99_9

1.0038

1.0096

1.0153

1.0210

1.0261

1.0325

l.Oq3U

1.05_`3

1.0650

1.0756

1.0860

1.0963

I.I06_

l.ll6U

1.126_

1.1360

1.1_56

1.1551

1.1645

1.1138

1.18_0

1.1921

1.201

1.2100

1.2188

1.22 [5
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sound at I at:=cspherc and 4JI.C_2!! R (110_ .!I £t/_ecj

press_,>_, arm

0.g121 C.9156

C.9190 C•V225

0.9258 C.9294

O. 9a;25 C.93ci

0.959 I C.9428

0.9u57 C.'#494

0.9522 0.v559

0.95P6 C.9h2_

0.9112 C.9749

0.9774 0.9812

0.9_235 C.9_?_
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1.C1_t 1.0172

1 .C 190 1.0230

• C21*e 1.0288
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1.2055 1.2009

1.21hU 1.21eH
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1.2_19 1.236u
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0.926#,
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0.9791
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I. 1393
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1.21tlh
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1.2409
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0.9381
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0.9 ? ltl
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.0022
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0.9652 0,96_8

0.9696 0.9152

0.9760 0.9815
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0.9886 0.99R0
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1.0010 1.0065
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l.llSh 1 125]

1.1286 I.I_35

1.1_86 1.1435
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t.1681 1.1729

1.1176 1.182h

1.1871 1.1919

1.196h 1.2012

1.2056 1.210h

1.214_ 1.21V5
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1.2501 1.25h9
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0.9U93
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0.9686

0.9T50

0.9812

0.9875

0.995?

0.)99_

1.0059

1.0119

1.0179

1.0239

1.0295

1.0356

l.Oh14

1.0_71

1.0528

1.0585

1.06_I

1.0752

I . 0862

1.0969

l.lOtS

I.I180

1.12U_

I.Ih85

1.1_54

1.1682

1.1?78

1.18/q

1.1968

1.2061

1.2153

1.2243

1.253_

1.2U22

1.2510

1.2597

85

0.9504

0.9561

0.9630

0.9693

0.9155

0.981_

0.9819

0.9940

.0001

.0061

.0121

.01UO

.0259

.0298

.0356

.O_lh

.0_?I

.0528

.05bb

.0641

.0690

.080t

.0916

.I023

.I120

1.1232

I.I]55

1.1416

1.1536

1.1615

1.1#33

1.1829

1.192_

1.2018

1.2110

1.2202

1.229_,

I. 2 $it2

1.2_?1

1.2559

1.26_5

9O

0.9589

0.9650

0.9710

0.9??0

0.98_I

0.9891

0.9950

1.0010

1.0069

1.0128

1.0187

1.02_5

l.bSO_

1.0361

1.U418

1.0475

1.0512

1.058_

1.06_

I.u?O0

1.0155

l.Ut_6_

1.0972

1.1078

1.11_3

1.12_7

1.1389

1.1489

1.1687

1.1784

I.IdSO

1.1915

1.2068

l.z161

1.2252

1.2343

I.ZU32

1.2520

1.2608

1.269U

95

0.9604

0.97_I

0.9798

0.9856

0.9915

0.9911

1.0028

|.0086

1.01U3

1.0201

1.0258

1.0315

1.0372

1.0_28

I.ObS&

1.05_0

1.0596

1.0651

1.0706

1.076l

1.0816

1.092_

I.I0_0

I.II_5

1.12_0

1.13_2

I.I_4

1.154h

1.164_

I.I741

1.1837

1.1933

1.2027

1.2120

1.2212

1.2_05

1.23_3

1.2h82

1.2510

1.2658

1.21_

I
100

0.9?89 I

0.98ql

0.9895

0.99_

1.000_

1.0058

1.0113

1.0161!

1.0223

1.0278

1.035_

1.0389

1.0499

.0554

•0609

.066]

.0?18

.OT?2

.0825

.0879

.0985

.I091

.1195

.1298

.I_00

.1500

.1600

.169_

.1795

1.1891

1.1986

1.2080

1.2173

1.226_

1.2355

1.24_5

1.255_

1.2021

1.2108

1.279h
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TABLE IV. - THERMODYNAMIC

(a) Critical-

Plenum

Temperature,

oR

_05

_IC

%15

_20

425

_30

635

u_5

_5C

_55

_60

h65

_7C

475

_8C

485

_90

_95

500

516

520

530

540

55C

56C

510

580

590

600

61£

620

636

6_£

65C

660

670

68C

690

?CO

0.6846

0._846

0.68_6

0.68a6

0.68_6

0.68_6

0.68_6

0.6846

0.68_6

0.68_6

0.68_5

0.68_5

0.68_5

0.68h5

0.68_5

0.68_5

0.68_5

0.68h_

0.684_

0.684h

0.68_

0.6843

0.68_3

0.68h2

0.68_2

0.68_I

0.6841

0.6840

0.6839

0.6838

0.6838

0.6831

0.6836

0.6835

0.683_

0.6833

0.6832

0.6831

0.6830

0.6829

0.6828

5

0.6888

0.6886

C.6885

0.6883

0.6882

0.6881

C.6879

0.68?8

0.6817

0.6876

0.68?5

0.687_

0.68?3

C.6812

C.6811

0.6810

0.6869

C.6868

G.6861

C.6866

C.6865

C.686_

C.6862

C.6860

C.6859

C.6857

C.6856

C.685_

C.6853

C.6851

C.6850

C,6848

C.68_I

C.68_5

G.68h_

C.68_2

C.68_1

C.6839

C.6837

C.6836

0.6834

I0

0.6930

0.6927

0.6924

0.6922

0.6919

0.6916

0.691_

0.6912

0.6909

0.6907

0.6905

0.6903

0.6901

0.6899

0.6897

0.6895

0.689_

0.6892

0.6890

0.6889

0.6887

0.6884

0.6881

0.6878

0.6876

0.6873

0.6871

0.6868

0.6866

0.6864

0.6862

0.6859

0.6857

0.6855

0.6853

0.6851

0.68_9

0.6891

0.6845

0.6843

0.68_I

Plenum

15 20 25 50 35 _0 _5

0.6975 0.7021 0.7069 0.1118 0.1169 0.7222 0.7277

0.6970 0.7014 0.7060 0.7101 0.1156 0.720? 0.7259

0.6966 0.7008 0.7052 0.7091 0.11_4 0.7192 0.7242

0.6961 0.1002 0.70k4 0.7088 0.7135 0.1119 0.7226

0.6957 0.6997 0.7037 0.7019 0.1122 0.7166 0.7211

0.695B 0.6991 0.7030 0.7010 0.1111 0.715_ 0.7197

0.69k9 0.6986 0.7024 0._062 0.7102 0.1142 0.7183

0.69k6 0.6981 0.7017 0.705k 0.7092 0.1131 0.7110

0.69k2 0.6976 0.7011 0.70k7 0.7083 0.7120 0.7158

0.6939 0.6972 0.7005 0.70k0 0.1075 0.7110 0.71k7

0.6936 0.6967 0.7000 0.7033 0.7066 0.7101 0.7136

0.6933 0.6963 0.699_ 0.1026 0.7059 0.1092 0.7125

0.69]0 0.6959 0.6989 0.1020 0.1051 0.1083 0.7115

0.6927 0.6955 0.698_ 0.701_ 0.104k 0.7075 0.7106

0.692h 0.6952 0.6980 0.7008 0.1037 0.7067 0.7096

0.692] 0.69_8 0.6915 0.7003 0.7031 0.7059 0.7088

0.6919 0.6945 0.6911 0.6991 0.7024 0.1052 0.7079

0.6916 0.69hi 0.6966 0.6992 0.1018 0.70k5 0.70_1

0.691k 0.6938 0.6962 0.6987 0.?012 0.7058 0.706k

0.6912 0.6935 0.6958 0.6982 0.1007 0.I0_I 0.7056

0.6909 0.6932 0.6955 0.6978 0.7001 0.1025 0.7049

0.6905 0.6926 0.694_ 0.6969 0.6991 0.1013 0.7036

C.6901 0.6921 0.69_I 0.6961 0.6982 0.?002 0.702_

0.6897 0.6916 0.693_ 0.6953 0.691_ 0.6992 0._011

0.6893 0.6911 0.6928 0.6946 0.696k 0.6982 0.7001

0.6890 0.6906 0.6923 0.6939 0.6956 0.6973 0.6990

0.6886 0.6902 0.6911 0.6933 0.6949 0.6965 0.6981

0.6883 0.6898 0.6912 0.6927 0.69_2 0.6957 0.6972

0.6880 0.6894 0.6907 0.6921 0.6935 0.6949 0.6963

0.6877 0.6890 0.6903 0.6916 0.6929 0.69_2 0.6955

0.6874 0.6886 0.6898 0.6911 0.6923 0.6935 0.6948

C.6871 0.6882 0.689_ 0.6906 0.6917 0.6929 0.69_1

C.6868 0.6819 0.6890 0.6901 0.6912 0.6923 0.693_

0.6865 0.6876 0.6886 0.6896 0.690? 0.6911 0.6927

0.6863 0.6873 0.6882 0.6892 0.6902 0.6911 0.6921

0.6860 0.6869 0.6879 0.6888 0.6891 0.6906 0.6915

0.6858 0.6866 0.6815 0.688_ 0.6892 0.6901 0.6910

G.6855 0.6865 0.6812 0.6880 0.6888 0.6896 0.6904

_.6853 0.6860 0.6868 0.6876 0.6884 0.6891 0.6899

0.6850 0.6858 0.6865 0.6872 0.68Z9 0.6881 0.6894

0.68_8 0.6855 0.6862 0.6869 0.68Z5 0.6882 0.6889
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PROPERTIES OF OXYGEN

flow factor

pressure, atm

0.733_ C.t3_I

0.7312 C.7_68

0.7293 C.¢3_5

0.7275 C.732_

0.7257 C.7305

0.72_1 C.7286

0.t22_ C.7269

0.7211 C.7252

0.7197 C.7236

O.7IP_ 0.7222

0.?1?1 C.?207

0.1159 C._19_

J 0.7148 C.7181

0.7137 C.7169

!0.1127 C.(157

! 0.7117 c.?146

0.71C7 C.7136

0.709H C.7126

0.7090 C.7116

O.fO_l C.7106

0.7073 C.7098

0.1058 C.(O_l

0.70h_ C.7065

0.7031 C.7051

0.7019 C.IC37

0.7008 C.7025

0.6997 C.?Oi3

0.6987 C.7002

0.6978 C.6992

0.6969 C.6902

0.6960 C.6973

0.6952 C.696_

0.6965 C.6956

0.69_ C.694_

0._931 c.69hl

0._92_ C.6934

0.691P C.69_7

0.7912 I C.6920

0._911 C.690R

0._96 C.6902

+

6O

0.7_52

0.7_25

0.7_99

0.7_76

0.7353

0.73]2

0.7313

0.729_

0.7277

0.726O

0.72_4

0./229

0.7215

0./201

0.71B8

0.7116

o. l16a

0.7153

O.?lh2

0.7132

0.7122

0.7103

0.70_6

0.7070

0.7056

0.70_2

0.7029

0.701t

O. I006

0.6995

0.69_5

0.6976

0.6967

0.695_

0.6950

0.6935

0.692H

0.6922

C.691h

0.6909

65 70

C.751_ 0.7577

C.7403 0.75_3

0.7_5S 0.7511

0.7_28 0.7_82

0.7_C3 0.7_5_

0.73_0 0.7_28

0.7358 0.7_03

0.73_7 0.7380

0.t317 0.7]59

0.7299 0.7_38

0.72_1 0.7319

0.7265 0.7_00

0.72_9 0.7283

0.723_ 0.7267

0.7220 0.7251

0.t206 0.72]6

0.719] 0.7222

0.71_1 0.7208

0.7169 0.7196

0.7157 0.7183

0.71_7 0.7171

0./126 0.11_9

0.710B 0.7129

0.7090 0.7110

G.707_ 0.7093

C.7059 0.7076

0.70_5 0.7061

0.7032 0.70_7

0.1020 0.7034

0.7008 0.7022

0.6998 0.7010

C.69_ 0.6999

C.697_ 0.6979

C.6969 0.6979

0.6960 0.6970

0.6952 0.6961

0.69_h 0.6952

C.69_6 0.69h_

0.6929 0._93f

0.6922 0.6929

076_3 o.7711
0.7605 0.7669

0.7569 0. f629

0.7536 0.7592

0.7506 0.1558

0.7_77 0.7527

0.7_50 0.7_97

0.7_2_ 0.7_69

0.7_00 0.7_43

0.73/8 0.7_18

0.7357 0.7395

0.7337 0.7373

0.7318 0.7353

0.7300 0.733]

0.72_] 0.7315

0.7266 0.7297

0.7251 0.7280

0.7236 0.726_

0.7222 0.72_9

0.7209 0.7235

0.7196 0.7221

0.71?2 0._195

0.7150 0.7171

0.7130 0.7150

0.7111 0.7129

0.(09_ 0.7111

0.70?7 0.7093

0.7062 0.70t7

0.70h8 0.7062

0.7035 0.70_8

0.7022 0.?035

0.7011 0.7022

0.6999 0.7010

0.69_9 0.6999

0.69?9 0.69_9

0.6970 0.6919

0.6961 0.6969

0.69_2 0.6960

0.69h_ 0.6951

0.&936 0.69_3

0.6929

-- 85
0.7781

0.773_
/0.7690

0.7650

0.7612

0.7577

0.75_5

0.751h

0.7_86

0.7_59

0.7_3h

0.?_10

0.7388

0.7367

0.7]_7

0.7328

0.7310

0.t292

0.t276

0.7261

0.72h6

0.7218

0.7193

0.f169

O.tlhB

0.?12_

0._109

0.t092

0.70?6

0.70ol

0.70_7

u.7033

0.7021

0.7009

0.6998

0.690?

0.697f

U.696_

0.6959

0.6960

l 0.693_ __ 0.69_2

90 95

0.7853 0.7927

0.7801 0.7869

0.7_53 0.7816

0.7708 0.7768

0.7667 0.7723

0.7629 0.7681

0.7593 0.76_2

0.1560 0.7606

0.7529 0.7513

0.7500 0.75_1

0.7473 0.7512

0.7_7 0.7h84

0.7423 0.7_58

0.7_00 0.7_3_

0.7379 0.7_11

0.7358 0.7389

0.7339 0.7368

0.7320 0.73_0

0.7303 0.7330

0.7286 0.7312

0.7270 0.7295

0.72_1 0.7263

0.721h 0.7235

0._189 0.720B

0.7166 0.718_

0.71_5 0.7161

0.7125 0.71_|

0._I07 0.7121

0.7090 0.7103

0.707h 0.7086

0.1059 0.7071

0.(0_b 0.7056

0._031 b.70_2

0.7019 0.7029

0.7007 0.7016

0.6996

0.0985

0.6975

0.6966

0.6957

0.69_8

I00

0.8003

0.79_0

0.7882

0.7828

0.77_9

0.773_

0.7692

0.7653

0.7617

0.7583

0.7551

0.7522

0.7_9_

0.7h68

0.7_3

0.7_19

O.739?

0.7376

0.7356

0.7338

0.7320

0.7286

0.7256

0._227

0.7202

0.7178

0.7156

0.7136

0.7117

0.7099

0.7082

0.7067

0.7052

0.7038

0.7025

0.7005 0.701_

0.6993 0.7001

0.6983 0.6990

0.6973 069_0
0.6963 0.6970_ 0 6_6o

j 0.695
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TAI_LE IV. - (bNt]nue(].

(b) RatLc of n_zz]e tul'oat ve!ocits: to speed of

Plenum

t er_:pep_tllp@,

o R 0 5

_ct

UC5

Ul5

_2G

h25

u_c

1455

h_C

I_L*%

115C

bSb

hht

14tb

arc

475

UeC

485

age

I¢:; %

500

5It

b2C

5]C

54L

$50

q6¢

blC

h ;0

_Ct

t I(

_2t

6UC

(£C

660

6 t'C

?OC

...... 1

0._2_h C. bqCO

0._295 C.8253

0.8446 C. _'_366

0._44fi C.B_10

C._548

U._Sq?

0._646

0._79_

0._9

0.0956

0.e984

O.qO_l

C.'# 12U

0._/1/I

0.0217

O.q_09

0.9399

0.94_9

O.qS?_

0.96Ch

0.g154

0.9926

1.cO11

I.C095

1.0179

1.C261

1.C_h_

I . 01_25

I .C506

I .GSP6

I .0665

1.C,'4u

I . 6_!22

I.C9C0

C.£tt62

[. _b 1

C. 8,5t_

C._615

C.c_665

C.8?15

C.8?65

C.Sd 14

C.uB6_

C._912

C._960

C.9008

c.r_o56

C.91Ctt

C.9151

C.9198

C._;292

C.94?$

C.9566

C.9655

C.9f4_

C.;8_2

C.99 I'*'

1.00C5

t.CO_O

1.0174

1.0258

1.03_I

I.U56%

I.C5_5

0.8686 C.8657

0.8137 C.89C9

0._188 L.ST61

0.8830 0.8812

0.8888 0.886 _]

0.89_T U.8915

U.d986 0.896h

0.90_q 0.9014

0.908_ 0.906_

C.<; I]2 0.9tl5

0.9180 0.9162

0.92/5 0.9259

0.9569 0.9354

0.9_62 0.94_9

C._,554 G.9542

0.9645 0.965q

0.91_ 0.9?25

O. 90!2_ 0.9815

0.9911 0.990h

0. _q�H U .999 {

1.00_5 1.00aO

1.0110 1.0166

1.0255 1.02q2

1.0539 1.0]_6

1.0422 i 1.0420

I 1.0504 _i 1.0503

! 1.0685 r 1.0586

1.0666 1.0666 i 1.066t

1.07L_5 ] l. Ot_6 t.0148

1.0824 I. 0_26 I 1.0H2_

I

10 15 i 20

C._156 0.8111 0.8066

0.6211 0._16_! 0.8125

C._265 C.H224 O._IH3

0.8319 0.82_0 0.8241

0.83f5 C._335 0.8297

0.P426 0.8{90 0.8354

O.dq_9 0.8_q,_ 0.8410

0._531 U.8_98 0.8_65

0._585 C.8S52 0.8520

0._655 C.8605 0.85T_

0.8628

0.8682

0._735

0.878T

0._819

0.8891

0.d9_2

0._993

0.904_

0.9094

0.914_

0.92_2

0.95_0

0.9_]5

0.9530

0.9624

0.9716

0.980H

0.9898

0.Y980

1.0095

1.0163

1.0249

1.0535

1.0419

1.0q03

1.05S6

1.0668

1.0950

1.6R30

1.0910

0.8021 O. t9 0.1930

0.H082 0.80_8 j 0./995

0.81_2 0.8100 I 0.8059

0.8201 0.8162 0.8122

0.B260 0.d222 0._I_5

0.8318

0.83T5

0._32

0.848_

0.85_

0.8599

0.8654

0.8_08

0.8_62

0.8815

0._868

0.89zl

0.891]

0.902_

0.90/5

0.9126

0.9226

0.9325

0.9_25

0.9519

0.961_

0.970_

0.9800

0.9891

0.9982

1.0091

1.0159

1.024_

1.0_3_

1.041_

1.050_

1.055?

1.0610

I.Ofb2

1.0835

1.0914

0.8282 0.82_6

O.d_41 0._309

0.8]99 0.8361

0.8_51 6.B_26

0.851_ 6.B485

0.85ZI 0.85_$

0.8627 U._6CO

0.8682 0.865T

O._13t 0.8?15

0.8192 U.8T69

0.8846 0.882_

0.H099 0._818

0.8952 0.8952

0.9005 0.89B6

0.905_ 0.9039

0.9109 0.9092

0.9211 0.9196

0.9311 0.9298

0.9410 0.939B

0.950_ 0.9_91

0.960_ 0.9995

0.9699 0.9691

0.9Z93 0.9106

0.9885 0.9880

0.99{I 0.99{2

1.0061 I.u064

1.0156 I.OISh

1.02_5 1.02_{

1.0_52 1.03Jl

1.0_18 I.O_IB

1.050] 1.050_

1.0588 1.05_9

1.06?I 1.0615

1.0?5_ 1.075_

1.0836 1.0839

1.0917 1,0921

Plenum

......o
0.1885 0.?84|

0.7952 0./910

0.8019 0.7978

0.8084 0.80_6

0.81_8 0.8112

0.8211 0.8111

0.02T4 0.82_I

0._335 0.830_

0.d596 6.U_69

0.8456 6.8428

0.8516 0.8489

0.85_ 0.8549

0.8632 6.8608

0._690 U.866T

0.07_6 u.8925

0._803 6.8182

0._858 0.B839

0.8915 0._895

0.0968 0.8950

0.9022 U.9005

0.9075 0.9060

.9181 0.9167.9285 0.9212

0.938? 0.9376

0.9987 0.9_78

0.9586 0.95TB

0.9684 0.967?

0.9T80 0.977h

0.9815 0.9810

0.9968 0.9964

1.0060 1.0057

I 0151 1.01_9

1.02_I 1.0240

1.05]0 1.0330

1.0_1_ 1.0419

I.U505 1.0506

1.05_1 1.0593

1.6676 1.0618

1.0760 1.0765

1.684_ 1.08_?

1.0925 1.0929
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THEP_iODYNAMIC PROPERTIES OF OXYGEN

sound at i atmosphere and 491.68_ ° R (i052._7 ft/sec)

pressure

5O

0.7797

0 • 16_'9

0.7939

O.POC8

0.8076

0.8143

0.6209

0.8274

O.P ¢3_d

0.64£ 1

0.8463

0.0524

0.65F5

O._h4h

0.8tC5

0.87,52

0._820

O. f'<_77

0.F933

0.89P9

0.9044

0.9153

0.<;2_0

0.9_65

0.90,69

0.9570

0.9670

O. _;,'758

0.9V_5

0.9961

I .0055

1.CIh8

1.0240

I.C _0

1.0419

1.0508

I .0595

1.0681

1.t766

1.0851

i l.CV_.

atm

55

C./'754

(2. 7828

0.79ci

C. (972

C.8042

C.81 I0

C.8178

0.8244

0._310

C._31_

C.843_

C.8500

0.0562

C._623

C.860]

0.8743

C.8801

C._860

C.8917

C.89?4

0.9030

C.9141

C.92_9

C.9356

0.9_60

C.9563

C.9664

0.9764

C. 986 1

C.9958

1.0053

1.011_7

1.0239

1.0_30

I. 0421

1.0510

1.0597

1.0064

1.0770

1.0855

1.C939

6O

0._712

0.1788

0.1863

0.?956

0.e008

0.e079

0.8148

0.8216

0.8283

0.8349

0.641_

0._477

0._5_0

0.6603

0._66_

0.872_

0.6784

o.e845

o._9o2

0.8959

O.qOl_

0.9129

0.92_9

0.9347

0.9452

0.9556

0.9659

0.9759

0.9_58

0._955

I.C051

1.0146

1.0219

1.0331

1.0422

1.0512

1.0600

1.66_8

1.077_

1.0860

1.094_

65

0.7611

0.7750

0.7827

0.7902

0.7916

0.8048

0.8119

0.8189

0.8257

0.8_24

0.83_1

0.8456

0.8520

0.8583

0.8645

0.8701

0.8768

0.8828

o.d807

0.8946

0.9003

C.9117

C.922V

0.9338

U.9445

C.9550

0.965_

C.9755

C.9855

0.9953

1.005C

1.0146

1.0240

1.0333

1.0424

1.0514

1.060_

1.06_I

1.0718

l.Odo4

1.09_9

0.7631

0.7713 I

0.7792 /

0.7869 /

0.7945 I

0.@019

0.8092

0._16_

0.8253

0.@_01

0._369

0.8435

0.8500

0.8565

0.8628

0.8691

0.8752

0.8813

0.6873

0.89_3

0.8992

0.9107

0.9220

0._]_0

0.9459

0.9545

0.9649

0.97%2

0.9_55

0.9952

1.0050

1.0146

1.02_1

1.0426

1.0517

1.0607 !

1.0690 !

1.078_ i

1.08t0

1.0955

75 8O

0.759_ 0.7556

0.7617 0.(6_

0.7759 0.1727

0.T838 0.7809

0.8916 0.1888

0.7992 0.7966

0.8006 0.80_2

0.8139 0.8116

0.8210 0.8188

0.82_0 0.U260

0.8348 _.83_0

0.8416 0._398

0.8462 0.8_06

0.8548 0.H532

0.8612 0.859_

0.8676 0._662

0.8738 0.8725

0.8800 0.8788

0.8861 0.8850

0.8921 0.8911

0.6981 0.8971

0.9097 0.9089

0.9212 0.920_

0.9_25 0.9317

0.943_ 0.9428

0o9_40 0.9536

0.9646 0.9643

0.9749 0.9747

0.91151 0.9850

0.9951 0.9951

1.0050 1.0050

1.0146 1.0148

1.0242 1.0244

1.0536 1.0339

1.0429 1.0432

1.0521 1.0524

1.0611 1.0615

1.0700 1.0705

1.0788 1.0_9_

1.0875 1.0_1

1.0961 1.0967

oi:2
0.7611

0.7691

0.7{81

0.1862

0.7942

0.8019

0.8095

0.8169

0.8241

0.8312

0.83_2

O.S_50

0.8518

0.8584

0.8649

0.8714

U._777

0.8840

0.8901

0.8962

O.VObl

0.9198

0.9312

0.9_24

0.95_$

0.96_1

0.914_

0.98_9

0.9951

005 I

01_V

0246

U$42

0436

.0528

.0620

.0_I0

.0f99

.08_7

.09t4

90

O. 1489

0.7581

0. 7670

O. 7755

0.7838

0.7919

O. 7998

0.8075

0.8151

0 • _224

0.6297

0._367

0.8437

0.5505

0.8572

0.8638

0._705

0.t_76/

0._31

O. 8t193

0.8954

0.90,'5

0.9193

0.9308

0.9421

0.9531

0.9659

0.9t45

0.9849

0.9952

1.0052

1.0151

1.0249

1.0345

1.0459

1.055_

1.0625

1.0715

1.0805

1.0893

1.0980

95
1459

1 0.7553

I 0.764_

I 0.77_2

I U._817

U.7899

_.79_0

0.8058

0.8135

0.8209

0.828_

0.8354

0.8_25

0.849_

0.8562

0.8629

U.8695

0.8759

0.8823

0.8886

0.8948

0.9070

0.91_9

b.9305

0.9418

0.9529

0.9658

0.9745

0.9850

0.995_

1.005_

1.0154

1.0252

1.03_9

1.0_

1.055_

1.0630

1.0721

1.0811

1.0900

1.098_! [

IO._431
IO.7528
I0._621

I0._711

0.1191

0.7882

0.1965

0.8043

0.8121

0._19_

0.8271

._345

.8415

0 B_85

0 S553

0 8621

0 S687

0 8735

0 8817

0 8881

0 894_

0.9066

0.9186

0.9305

0.9417

0.9529

0.9638

0.9746

0.9852

0.9955

1.005t

1.0157

1 0256

I 055_

I 0449

1.054_

1 0636

1.012(

1.0818

1.090T

1.0995
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I PZcnum

!t PnLpcl, atllre,
0 R

I ,+oo
! ,,2o
) 640

460

480

500

520

540

560

580

600

620

$40

bbO

_80

7O0

0

0.5283

0.5283

0.5286

0.5286

0.5284

0.5285

0.5285

0.5286

0.5286

0.5287

0.5288

0.5289

0.5291

0.5292

05293

0.5295

Plenum

TABLE IV. Continued. THERMODYNAMIC PROPERTIES OF OXYGEN

(c) Critical pressure ratio

Plenum pressure, atm

o._W! o._7_ I £6266
0.5278m 0.527__ 0.52_3
0.5277 ] 0.5270 / 0.5261

0.5277 ] 0.5269 0.5259
0.52?7 | 0.5268 0.5258

0.5276 0.5268 0.5258

0.5277 0.5267 0.5258

0.5277 0.5268 0.5258

0.5278 0.5268 0.5258

0.5278 0.5269 0.5259

0.5279 0.5270 0.5259

0.5280 0.5271 0.5260

0.5281 0.5272 0.5262

0.5283 0.5273 0.5263

0.5286 0.5275 0.5265

0.5286 0.5277 0,5267

40 r 50_60

0.525, / o52_3 I o5227
0.5253 _ 0.52_0 I 0.5224

0.525O m 0.5238 I 0.5223

0.5249 ! 0.5236 I 0.5222

0.5248 l 0.5235 1 0.5_21

0.52'7 0.5235 ] 0.5_21

0.52'7 , 0.5235 0.5222

0.52'7 0.5235 0.5222

0.5267 I 0.5236 0.5223
0.52_8 0.5236 0.5224

0.52_g 0.5237 0.5226

0.5250 0.5239 0.5227

0.5251 0.5240 0.5229

0.5253 0.52_2 0.5231

0.5255 I 0.5244 0.5233
I

0.5257 j 0.5246 0.5235

(d) Critical teml::erature ratio

Plenum pressure, atm

0.5205 / 0.5182

0.5205 1 0.5186

0.5205 | 0.5186
0.5206 _0.5188

0.5206 0.5190

0.5207 0.5192

0.5208 0.5196

0.5210 0.5196

0.52&1 0.5198

0.5213 0.5200

0.5215 0.5202

0.5217 0.5205

0.5219 0.5207

0.5222 0.5210

0.522_ 0.5213
I

90 [00

0.5155 0.5123

0.5[60 0.5132

0.5L64 0.5160

0.5|68 0.51_6

0.5172 0.5152

0.5L75 0.5156

0.5178 0.5160

0.5180 0.516_

0.5183 0.5168

0.5186 0.5171

0.5189 0.5175

0.5192 0.5179

0.5195 0.5182

0.5198 0.5186

0.5201 0.5189

t ernporature,

oR

600

_20

440

4,60

480

5OO

52O

560

580

580

bOO

620

6_0

660

880

700

o l,ol  o ,oT,o...... ,oi o ,oo
° I ! 2 0:823_ i 0:82_ 0:8202 08_.0 / 08_8_ 08_72

0.8336 0.8315 l 0.8294 0.827q | 0.8255 0.8237 ) 0.8222 0.8208 ] 0.8195 | 0.8185 0.81760.83_ i 0.83_7] 0.82_8 0.8279l 0.82_ 0.826_ 0.8_28 0.82_, 0.820_I 0.8=_0 0.8_8_
0.833_ 0.8320I 0.830_ 0.8283_ 0.82_ 0.8250 0.82_ 0.8220: 0.8208, 0.8_ 0.8_8_
0.83_0 0.8322 0.8305 0.8288( 0.82n 0.825_ 0.82_z 0.8227 0.82=6 0.8203 o.8_
0.83_2 0.8325 0.8309 0.8292 0.8277 0.8262 0.82_7 0.8236

0.834_ 0.8328 0.83[2 0.8297 0.8282 0.8268 0.8256 0.824[

0.83_6 0.8331 0.8316 0.8302 0.8287 0.827_ 0.8260 0.8247

0.83_9 0.8335 0.832_ 0.8307 0.8293 0.8280 0.826_ 0,8256

0.8352

0.8356

0.835g

0.8363

0.8367

0.8372
~

0.833g 0,8325 0,83|2 0.8299

0.8363 0.8330 0.83[7 0.8306

0.8367 0.8336 0.8322 0.83_0

0835_ 08_0 0.8328 0.83_
0.835_ 0.83_5 0.833_ 0.8323

0.83__ °:_350i o.83_o_o..32_

0.8286

0.8292

0.8299

0.8305

0.8312

0.83[9

0.82?3 0.8282

0.8280 0.8289

0.8287 0.8276

0.8294 0.8283

0.8301 0.8291

0.8_08 ] 0.8298

0.822|

0.8228

0.8235

0.8243

0.8250

0.8258

0.8265

0.8273

0.828[

0.8289

0.82|0 0.8199

0.8217 0.8206

0.8226 0.8216

0.8232 0.822[

0.8239 i 0.8229

0.8247 I 0.8237

0.8255 ] 0.8265

0.8263 ] 0.8253

0.827! ] 0.8262

o.827_I?.p27o
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tempe_a%urc ¸ ,
OR

400

4,?.0

440

q60

48O

500

520

540

560

580

600

62O

640

660

680

700

0

0.6339

0.6330

0.6338

0.6337

0.6337

0.6336

0.6336

0.6335

0.6334

0.6333

0.6332

0.6330

0.6329

0.6320

0.6326

0_6325

TABLE lX/. - Continued.

10 _ 20

0,6348 I 0.6360

0.6348 0.6359

0.6348 0.6359

0.6347 0.6359

0.6347 0.6358

0.6346 0,6357

0.6345 0.6356

0*6344 0.6355

0.6343 0.6354

0.6362 0.6352

0.634[ 0.6351

0.6339 0.6349

0.6338 0.6347

0.6336 0.6346

0.6335 0.6344

0.6333 0.6342

T_{ER],IOD_TAMIC PROPERTIES OF O)_,]EN

(e) Critical denslts_ l'asio

3O

0.63?4

0.6373

0.6373

0.6372

0.6370

0.6369

0.6368

0.6366

0.6365

0.6363

0.636l

0.6359

0.6357

0.6355

0.6353

PleTll:rr; pz'essl_r,e, atrc

4O

0.6393

0.6390

0.6388

0.6386

0.6384

0.6383

0.6381

0,6379

0,6317

0.6374

0.63?2

0.6370

0.6368

0.6366

0.6363

0.6361

50

0.6416

0.6411

0.6407

0.6403

0.6400

0.6397

0.6394

0.6392

0.6389

0.6387

0.6384

0.638[

0.6379

0.6376

0.6373

0.637l 0.6381

60 70

0.6444 0.6478

0.6_35 0.6463

0.6428 0.6453

0.6_22 0.6444

0.6418 0.6437

0.6413 0.6431

0.6410 0.6426

0.6406 0.6421

0.6403 0.6417

0.6399 0.6413

0.6396 0.6609

0.6_g3 0.6405

0.6_90 0.6401

0.6387 0.6397

0.6384 0.6394

0.639l

80

0.6520

0.6497

0.6481

0.6468

0.6458

0.6450

0.6643

0.6437

0.6431

0.6426

0.6421

0.6417

0.6413

0.6408

0.6404

0.6401

i!oiLI
0.6537 i 0.6583
0.6513 i 0.6550
0.6495 0.6526

0.6482 0.6507

0.6471 0.6493

0.6462 0.6481

0.6454 0.6471

0.6447 0.6463

0.6440 0.6455

0.6435 0.6448

0.6429 0.6442

0.642_ 0.6436

0.6419 0.6430

0.6415 0.6425

0.6410 0.6420
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TABLE IV. - Continued.

(f) Plenum

Plenum

temperature,

oR

400

405

410

415

42C

425

430

455

440

445

450

455

460

465

470

4.'5

480

4_5

490

495

500

510

520

530

54C

55C

56C

510

50£

59C

600

61C

620

64C

t5C

660

6tC

680

690

70C

I.C000

I.C000

1.0000

I.C000

I.C000

1.0000

1.0000

1.0000

1.0000

1.6000

1.0000

1.0000

1.0000

I.CO00

1.0000

1.0000

1.0000

1.0000

1.0000

1.CO00

I.COCO

1.6000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

I.C000

l.COOO

1.6000

1.0000

1.COO0

1.6000

I.COCO

1.COCO

1.COCO

1.COCO

1.0000

1.COC0

C.9894

C.9899

0.9903

C.q907

C.9911

C.9915

C.9919

C.9922

C.9925

C.9929

C.9932

C.9935

C.9937

C.9940

C.9943

C.9945

C.9947

C.9950

C.9952

C.9954

C.9956

C,9960

0.9964

C.9981

C.9970

C.99t3

C.9975

C.9978

C.9980

C.9982

0.99_4

6.99_6

C.99EB

C.9990

C.9991

C.999]

C.9994

C,99_5

C,9997

C.9998

C.9999

I0

0.9788

0.9797

0.9806

0.9814

0.9822

0.9830

0.98]7

0.9844

0.9851

0.9857

0.9863

0.9869

0.9875

0.9880

0.9885

0.9890

0.9895

0.9900

0.9904

0.9908

0.9912

0.9920

0.9927

0.9934

0.9940

0.9946

0.9951

0.9956

0.9961

0.9965

0.9969

0.997_

0.9977

0.9980

0.998_

0.9986

0.9989

0.9991

i 0.9994

0.9996

0.9998

15 20

0.9573

0.9694 J 0.9592

0.9708 1 0.9610

0.9?20 I 0.9627

0.9?]3 I 0.96_3

0.97_4 0.9659
0.9?55 I 0.9674

0.9?66 0.9688

0.9/76 0.9701

0.9?86 0.9714

0.9795 0.9727

0.9804 0.9739

0.9812 0.9750

0.9821 0.9761

0.9828 0.9772

0.9836 0.9782

0.9843 0.9791

0.9850 0.9801

0.9857 0.9810

0.9863 0.9818

0.9869 0.9826

6.98_I 0.98_2

0.9892 0.9856

0.9902 0.98?0

0.9911 0.9882

0.9919 0.989_

0.9927 0.990_

0.9955 0.9914

0.99_2 0.9925

0.9948 0.9932

0.9954 0.9940

0.9960 0.99_8

0.9965 0.9955

_.99r0 0.9961

0.99(5 0.996_

0.99r9 0.9973

0.99_4 0.9979

0.9987 0.9984

0.9991 0,9989

u.9994 0 9993
o.999_ i 9 9_97

30

0.9358

0.9387

0.9414

0.94_0

0.9465

0.9576 0.9489

0.9592 0.9512

0.9610 0.9533

0.9627 0.955_

0.9644 0.95_4

0.9659 0.9593

0.96(4 0.9611

0.9689 0.9628

0.9702 0.96_

0.9716 0.9660

0.9728 0.96?6

0.9740 0.9690

0.9752 0.9(04

0.9763 0.9717

0.9?74 0.9130

0.9784 0.9?_3

0.980_ 0.9?66

0"9822 0.9788

0.9838 0.9808

0.9854 0.9826

0.9868 0.9843

0.98_I 0.9859

0.9894 0.9874

0.9906 0.9888

0.9916 0.9901

0.9926 0.9915

0.9956 0.9924

0.9945 0.9935

0.995] 0.9945

0.9961 0.995_

0.9968 0.9963

0.9975 0.9971

0.99_1 0.9978

0.99_? 0.9985
0.999_ 0.9992

0.9_98 _ 0.999_

Plenum

0.9

0.92_5 0.9184 I 0.9085 I

0.9317 0.9221 J 0.9121 ]

0.9_,_8 0.9257 J 0.9167 1

0.9377 0.9291 J 0.9205 1
0.9,05 0.9323 1 0.92_2

0.9432 0.9353 0.92?6

0.945t 0.9382 0.9309

0.91482 0.9_I0 0.93_0

0.9505 0.9437 0.9570

0.9527 0.94.62 0.9398

0.9548 0.9486 0.9_26

0.9568

0.9587

0.9606

0.9624

U.9641

0.965t

0.9673

0.9688

0.9?02

0.9729

0.9_64

0.97?8

0.9?99

0.9819

0.9838

0.9856

0.9871

U.98_6

0.9900

0.99|_

0.9926

0.993?

0.9948

0.9958

0.996?

0.99t6

U.998_

0.9992

0.9509

0.9531

0.9552

0.9575

0.9592

0.9611

0.9629

0.96_6

0.9662

0.9693

0.9722

0.9?48

0.9773

0.9796

0.981(

0.9_37

0.9855

0.9872

0.9888

0.9905

0.991f

0.9950

0.9942

0.9954

0.9964

0.9976

0.998_

0.9993

0.9_52

0.9_ 16

0.9500

0.9523

0.95_5

0.9566

0.9586

0.9605

0.962_

0.9658

0.9690

0.9?20

0.9748

0.97?3

0.9797

0.9819

0.9840

0.9859

0.9877

0.989_

0.9909

0.9923

0.9937

0.9950

0.9962

0.99?5

0.9983

0.9993

0.9999 [.000 [ _ 1.000. _
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TI{ERJ,IODIq,h'd;LIC PROP_TIES OF O:CfdE:_

compress! bility factor

at m

55 [ _,00.8R 16 0 ._! ¢3?

C._gqh [ O.d_bb

C • 9090 0. _96,0

C. 90_* 0._009

C.912F 0.9055

C.91&? 0.9099

0.9205 0.91_0

0.9292 0.9180

0.9276 0.9218

0.9309 0.9251,

C.9581 0.9288

C.9_?I 0.9321

C • 9t* C 0 0. ; _52

C.9h28 0.9_82

C.948_ 0.9_11

C. 9_*_0 0.9tt39

0.950l; 0.91t6%

C.9821 0.9_90

0.9550 0.9518

C.9892 0.956.0

C.96_0 0.9602

0.9666 0.96_1

0.9/C0 0.96??

C.9lJl O.g¢ll

C.Y/'_9 0.9T_2

6.9/P6 0.9?70

C.9_'ll 0.9¢9?

C.YF_34 0.9d22

C.9P55 0.9846

C.9H15 0.9_67

C.9_9u 0.9 _,88

C.9912 O. 990 r'

C • 992H 0. 992_

C.99_ 0.99_1

0.'_9!}_ 0.9_5t

0.;9 ¢ I t. 9911

C .YgX_ 0.990b

C • ;296 C . g_9H

I.UOC7 I.CGIO

65

0.86t_1

O.U¢C?

0.d769

O.8dZR

0.80d5

0.89_6

0.8986

0.90/8

(,.9121

0.9162

0.9260

0.92"$8

C.9213

0.{;50?

6.9 _i_9

0.9_10

0.9_]g9

C ,9t_28

0.9_b5

0.91_U 1

C .98_0

0.961¢

0.9656

G .9692

0.9?25

0.9?56

0.9¢_5

0.9812

C .98_7

C .98_0

U.9802

0.99U2

0.992 I

i 0.9959

I 0.9956

i 0.99/'1

0.9986

I .0000

j 1.001_

70

O.t_A 19

O.dRO9

0._66

0._9919

0._970

0.90t8

0.9C6t_

0.9108

0.9149

0.9189

0.922?

0.926_

0.9297

0.9_0

0.9362

0.9392

0.9421

0.9a_9

0._;801

0.9550

0.959_

0.96,_5

0.96,7_

0.9709

O. 97_2

0.9775

0.9802

0.9_28

0.988_

0.9876

0.9_9_

0.9919

0.99_8

0.9955

0.99¢2

0. 998_

1.000_

1.0016

7b 80

J 0.8_57 0.85?1

0.88_ O.d_5_

0.8606 O.db30

0.861_ 0.8602

0.8?3d O.d6TO

! 0.879a O.H¢Sh

0.8_88 0.8¢9b

0.8910 0.8852

0.8961 0.890T

0.9010 0.8958

0.9056 0.9008

0.9101 0.90G#

0.91_ 0.9099

0.9185 0.91_1

0.9221 0.9182

0.9258 0.9221

0.9293 0.9258

0.9326 0.9293

0.9359 0.9_21

0.93_9 0.9_59

0.9_19 0.9_90

0.9_?h 0.98_9

0.9525 0.950_

0.9515 0.9555

0.9616 0.9599

0.9687 0°96_I

0.9695 0.9681

0.9?30 0.9718

0.9?62 0.9752

0.9?92 {).gluh

0.9821 0.9_1_

0.98_7 0.98_2

0.98/2 0.9860

0.9895 0.9_92

0.9916 0.9915

0.9937 0.9936

0.9986 0.9986

0.99?_ 0.99?8

0.9990 0.9992

1.0006 1.0009

1.0020 I.{102_

0.82d8 J 0._210 0.8136 0.8067

0._57_ J 0.8502 0.8233 0.8169

0.8857 I 0.U388 6.852_ 0._26_

0.855% | 0.U_69 0.8409 0._355

0.8608 J 0.08_5 O.U_9 O.8W3T

/
0 86_ " 0 8616 0 850_ 0 6515

0._084

0.87_8

0.8808

0.8865

0.8?31

0.8?98

0.8856

0.8910

0.8962

0.9011

0.9058

0.9102

0.91_b

0.9186

0.922_

0.9262

U.9297

0.95_1

0.9368

0.9_2_

0.9_82

0.953_

0.9582

0.962?

0.961_9

U.9707

0.97_5

0.9?71

0.9808

0.983?

0.98¢_

U.9890

0.991_

0.8919

0.8971

0.9020

0.9066

0.9111

0.9153

0.919_

0.92_3

0.9210

0.9305

0.9339

0.9_03

0.9_62

0.951T

0.9567

0.9614

0.965?

0.9098

0.9T35

0.9¢?0

0.9803

0.9833

0.9862

0.9_69

0.9914

U.9936 0.993?

0.9951 0.9909

0.99¢T 0.99?9U.9998 0.999V

1.001_ 1.001?

1.002(7 [ ,OOSh

0.865_ 0._588

0.8701 0.8658

0.876_ 0.8125

U.8823 0.8785

0.8_b0 0.8844

0.8953 o.e90o

U.89B_ 0.8955

0.9053 0.900_

0.90?9 0.9051

0.912_ 0.9097

0.9t66 0.91_0

0.9206 0.9182

_.92_5 0.9222

0.9202 0.9260

0.9317 0.929?

U.93i_3 0.9366

0.9_5 0.9_29

0.9501 0.9_87

U.gbb_ 0.95_2

U.9602 0.9592

0.96_? 0.9639

0.96_9 0.9682

0.9?28 0.9722

U.976q 0.9?60

0.9?99 0.9_98

0.9830 0.9828

U.9860 0.9889

0.9888 0.9888

0.991_ 0.9915

0.99_8 0.99_0

0.9961 0.9963

0.99_2 U.9986

1.0002 1.0006

1.0021 1.0026

1.0039 1.00_b
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TABLE IV. - Continued.

(g) Plenum

Plenum

temperature,
°R 0

4O0 3.5059

405 3.5064

4|6 3.5069

415 3.5074

420 3.5080

425 3.5086

43C 3.5093

435 3.5099

44C 3.51C7

_45 3.5114

45C 3.5123

455 3.5131

46C 3.5140

465 3.5149

470 3.5159

475 3.5169

48C 3.5180

hH5 3.5191

49C 3.5203

495 5.5215

5CC 3.5228

51C 3.5254

520 3.52_2

53C 3.5312

546 3.5_45

55C 3.5579

56G 3.5414

57C 3.5452

5eC 3.5492

59C 3.5533

_CC 3.5576

6IC 3.562]

62C 3.566_

63C 3.5f16

64C _.5_66

6bC 3.5817

66C 3.5_70

67C 3.5924

6_C _.59_0

69C 3.6037

?CC 3.6095

5

3.56E4

3.5669

3.5656

3.5643

3.5632

3.5622

3.5613

3.5605

3.5599

3.5593

3.5588

3.5584

3.5581

3.55?9

3.55?7

i 3.ssr7
3.5577

3.55?9

3.5581

3.5583

3.5587

3.5591

3.5610

3.5625

3.5644

3.5665

3.5689

3.5715

3.5744

3.5716

k 3.5810

I 3.5846
3.48_4

3.5925

3.596?

_.6012

3.6058

_.61£6

3.6155

3.62C6

3.6259

I0

3.6344

3.6308

3.6273

3.6241

3.6211

3.6183

3.6157

3.6133

3.6110

3.6089

3.6070

3.6053

3.6036

3.6022

3.6008

3.5997

3.5986

3.5977

3.5969

3.5962

3.5956

3.5948

3.5944

3.5944

3.5948

3.5956

3.5968

3.5983

3.6001

3.6022

3.6046

3.6073

3.6103

3.6135

3.6170

3.6207

3.624r

3.6288

3.6332

3.631r

3.6424

15

3.70_3

3.6981

3.6923

3.6868

3.6817

3.6769

3.6723

3.6681

3.6641

3.6604

3.6569

3.6537

3.650?

3.64?8

3.6452

3.6428

3.6406

_.6385

3.6366

3.6349

_.6333

3.6306

3.62E5

3.6269

3.6258

3.6252

5.6251

3.6253

3.6200

3.6271

_.6285

3.6303

3.6324

3.6348

5.6375

3.64C5

3.643?

3.64?2

3.6509

3.6548

3.6589

2O

3.7781

3.7690

3.7605

3.7525

3.7449

3.7379

3.7312

3.7250

3.7191

3.7136

3.7085

3.7036

3.6990

3.6948

3.6908

3.6870

3.6835

3.6802

3._772

3.6744

3.6717

5.6671

3.6631

3.6599

3.6572

3.6552

3.653?

3.6527

3.6522

3.6522

3.6526

3.653_

3.6546

3.6562

3.6581

3.6603

3.6628

3.6656

3.6687

3.6720

3.6756

25 30

3.8560 3.9381

3.8436 3.9220

3.8320 $.9069

3.8211 3.8929

3.8109 3.879?

3.8014 3.8614

3.7924 3.8558

3.7840 3.8449

3.7760 3.8347

3.7686 3.825l

3.7615 3.8161

3.?549 3.80?6

3.?487 3.7997

3./429 3.1921

3.7374 3.7851

3.T322 3.7784

3.721_ 3.?721

3.7228 3.7662

3.71_6 3.1607

3.TI46 3.7555

3.?I09 3.7506

3.T041 3.7416

3.6983 3.7338

3.6932 3.7270

5.6890 3.7211

3.6855 3.7160

3.6826 3.7117

3.6803 3.7081

3.6786 3.7052

3.6775 3.7029

3.6768 3.7012

5.676? 3.?000

3.6710 3.6994

3.6?(7 3.6992

5.6788 3.6995

3.68C2 3.7002

3.6820 3.7013

3.6841 3.?027

3.6866 3.7045

].6895 5.7066

3.6923 _.1090

35

3.1256

3. 7235

I 5.7219

:_. 1208

3.7'202

3.7202

3.7205

3.7212

3.722_

3.7239

3.7251

Plenum

40 [ 45

4.1159 4.2118

4.0907 4.1813

4.06?4 4.1531

4.0457 4.1270

4.0256 4.1027

4.0068 4.0802

3.9892 4.0592

3.9_28 4.039?

3,9514 4.0214

3.9431 4.0043

3.9295 3.9883

3.9169 3.9133

3.9049 3.9591

3.8937 3.9459

3.8832 3.9334

3.8732 3.9217

3._638 3.9107

3.8550 3.9003

3.8467 3.8905

3.8389 3.8812

3.8315 3.8725

3.8179 $.8565

3._059 3.8423

3.7953 3.8297

3.7858 3.H184

3.7776 3.8085

3.7703 3.799?

3.7640 5.7920

3.?586 3.7853

3.7540 3.7795

i 3.1501 3.7745
3.7469 i 3.7703

3.7444 5.7668

3._424 3.7640

3.7410 3.7617

3.1401 3.7601

3.7391 3.7589

3.7398 _.75_3

3.7403 3.7581

3.7411 3.75_

3.7423 3.7590
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THEI_4ODYNAMIC PROPERTIES OF 0XYGF_

specific heat

6O

4.5296

b.4791

4.14529

..3905

..3515

14.5156

14.28214

".2516

1_.2231

14. 1966

4.1719

14. 1488

14. 1275

14. 1072

14.0883

4.0tOT

4.0541

.0385

14.023_

..CICO

3.9970

_;.9712

3.9520

3.9_/I I

3.9162

_.9011

5._77

3.81'57

3._651

3._557

3._h75

3.8t_C0

3.8556

3._281

3._254

5._195

5._160

5.8135

3.8111

3._095

85 9O

5.315.

5.2033

5.1024

5.011_

4.9290

k._5_2

4.7862

..72_0

14.6672

4.0151

".5672

_.5231

_.4098

_.377_

..3.72

4.3192

4.2950

4.Z685

4.2456

4.2040

4. 1675

4. 1348

4.1059

..0802

4.0572

4.0566

4.0181

4.0016

3.9868

3.9_35

5.9615

3.9509

3.9_14

_.9329

5.9254 !

3.9188 j

3.9130

3.9079

3.90_S

95

5..678

5.3_21

5.2292

5.1277

b.0359

4.9529

4.8114

4.8088

_.7.61

..6887

4.6361

..58 17

4.5_32

14.5021

_.146_0

4.42a8

4.3960

4.3656

4.53 72

..3108

_.2861

4.21413

4.2018

4.1010

4.1360

4.1085

4.0839

4.0619

4.01422

14.02_6

4.00_7

5.99_

3.9817

_.9702

3.9600

3.950_

5.91427

5.9355

5.9291

3.9235

3.9187

T

5.6266

5.4863

5.5606

5.2.17

5.1_60

5.0541

4.9708

..8951

..8262

_.7633

_.1057

_.6528

4.6043

_.5595

4.5182

_._800

4...46

4..I17

14.3811

k.3526

4.3201

_.2358

_.1985

".|656

_.1362

4.1101

4.0861

..0658

_.0470

_.0301

".0150

_.001.

5.9892

3.9782

3.96_14

3.9597

3.9519 ]3.9450

3.9389 j

75



TABLE IV. - Continued.

(h) Plenum

Plenum

temperature,

o R

i___

400

l_e5

41C

415

42C

425

43C

_35

U4C

445

45C

455

46C

465

4ZC

475

4_3C

485

4?C

_95

50C

51C

526

530

54C

55(3

56C

57C

58C

59C

61L

626

636

64C

65C

6OC

6tC

68C

69(3

?CC

0 5

1.3991 1.4189

1.3990 1.41e3

1.39P9 1.4176

1.39_8 1.4170

1.3qP? 1.4164

1.39_6 1.4158

1.39_5 1.4152

1.39_4 1.4147

1.3983 1.4141

I._982 1.4136

1.39_1 1.4131

1.]979 1.4125

1.3978 1.4120

1.3976 1.4115

1.3975 1.4110

I.]973 1.41C5

1.3971 1.4100

1._970 1.40_5

1.3968 1.4090

I._966 1.40_6

1.3964 1.4081

1.3960 1.4071

1.3955 1.4062

1.3951 1.4052

1.3946 1.404]

1.3940 1.4034

1.39_5 1.4024

1.3924 I._014

1._923 1.4005

1.3917 1.3945

1.3910 1._q_6

I. _H91 I • _966

1.3 _!9 I. ]qb6

I. _t]_ I I. ]946

1._65 1.3_25

1.3_5t 1.$gt5

1.3_9 1.59C5

1.3_41 I.$_95

1 1.4401 | 1.4626 1._864 [ 1.5114

1 I._388 1 1.4605 1.4854 I 1.50,'5

I 1.4375 I I._5_5 1.4805 I 1.5037

I 1.4]53 i 1.4565 1.4778 1 1.5001

1.4351 1.4547 1.475,$ 1 1.4961

I
1 4339 1.4529 1.4728 i 1.4935

I ] 4328 1 • 4512 I • 4704 1.4904

1.4317 1.4496 1.4682 1.48?5

1.4 ]07 1.4_80 1 • u,660 1.14847

I .4297 I .4465 1.4639 1 .4820

1.4287 1.4450 1.4619 1.4794

1.4218 1.4436 1.4600 I .I_ 769

1.4268

1.4259

1.4250

1.4242

1.4235

.4225

.4217

.4209

.4201

.4186

.4171

.4157

.4143

.4129

.4115

I._IC2

1.4088

1.4075

1.4062

I._050

1.40_7

1.4024

1.4011

1._994

I.]986

1.]g74

I.J961

1._936

1.4422 1.4581 1.4745

1.44C9 1.4563 I._122

1.43_6 1.45_6 1.4700

1.4_8_ 1.4529 I._678

1.4371 1.4513 I._658

1.4359 1.4497 1.4658

1.4348 1.4481 1.4619

1.4336 1.4467 1.4600

1.4325 1.4452 1.4582

1.430_ 1.4424 1.454?

1.4283 1.4398 1.4514

1.4263 1.4372 1.4483

1.4244 1.4348 1.4453

1.4226 1.4325 1.4425

1.42C8 1.4302 1._598

1.41'_I 1.4281 1.4372

1._I13 1.4260 1.4347

1.4157 I._2]q 1.4322

.4140 1.4219 1.4299

.4124 1.4200 1.4276

.410_ 1.4181 1.4254

.4093 1.4162 I.U233

.4078 1.414_ 1.4212

. ! 1.4191 I

4062 1.4127

.40_7 1.4109 ] 1.4171

.4033 1.4092 1.4152

.401_ 1.h075 1.4132

.400_ 1.4058 1.4114

1.39_9 1 4042 1.4095

3O

1.5318

1.5328

1.5280

1.5234

1.5191

1.5150

1.5111

1.5075

1.5039

1.5006

1.4974

1.4943

1.4913

1.4885

1.4858

1.4_32

1.4806

1.4782

1.4158

1.4136

1.4714

1.4672

1.4633

1.4595

1.4560

1.4527

1.4495

1.4404

1.4_35

1.4406

1.4379

I._53

1.432_

I._3

1.4279

35 40

1.5656 1.5947

1.5592 1.5867

1.5533 1.5796

1.54?7 1.5728

1.5423 1.5664

1.537_ 1.5604

1.5326 1.5547

1.5281 1.5493

1.5258 1.5442

1.5197 1.5393

1.5158 1.53_7

1.5121 1.5303

1.5086 1.5261

1.5052 1.5221

1.5019 1.5183

1.4988 1.5146

1.4958 1.5111

1.4929 1.b07_

1.4901 1.5045

1.4814 I.b014

1.4848 1.4984

1.4799 1.4927

1.4752 1.4873

1.4709 1.4823

1.4668 1.4776

1.4629 1.4732

1.4592 1.4690

1.4557 1.4650

1.4523 1.4012

1.4491 1.4576

1.4460 1.4541

1.4430 1.450_

1.4402 1.4476

1.43?4 1.4445

1.434_ 1.4415

1.4256 I 1.4321 1.4386

1.4235 1.4296 1.435_

1.4211 1.4271 1.4331

1.4190 1.424_ 1.4305

1.4t69 1.4224 1.4280

1.4149 I._202 1.4255

Plenum

1.6251

1.6158

1.6071

1.5989

1.5913

1.5841

1.5774

1.5711

1.5651

1.5594

1.5540

1.5489

1.5440

1.5394

1.5350

1.5307

1.5267

1.5228

1.5191

1.5155

1.5121

1.5056

1.4995

1.4939

1.4885

1.4835

1.4788

1.4744

1.4701

1.4661

1.4622

1.45U5

1.4550

1.4515

1.4483

i 1.4451
1.4421

1.4391

1.4362

I._335

1.4308 [
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TI{EPJ40DYNANIC PROPERTIES OF OXYGEN

specific heat ratio

pressure, atm

.6458

._]55

1.6259

1.6170

1.60_6

1.60C 7'

1.5?_3

1.5U6_

1.519_

1.5936

1.567_

1.56572

1.5569

1.551_

1.5470

I. 5u21_

I. 5_>0

I.5_8

I .52?7

I .525_

1.51H5

1.Silt

1.5054

I.4995

1.1+9:f9

1.4U_7

1 .U790

1.4145

1.1+103

1.4662

1 ._62_

1.95P6

1 .ub_O

I .451_

1 .4a_ _]

1.4_51

I. LIL20

I .h "V_[I

55 ] 60
1.6902 1.1249

1.6711 I 1.1096

1.6650 ! 1.6955
1.653H I 1.6d25

1.6U3_ 1.6705

1.6137 1.6595

1.6246 1.6h_9

1.61_I 1.6592

1.60_I 1.6502

1.60C6 1.6217

1.5935 1.61_7

1.5868 1.6061

1.58C5 1.5990

1.57_5 1.5922

1.56_8 1.5859

1.5634 1.5798

1.55_2 1.59_0

1.55_2 1.5685

1.5h@S 1.5633

1.5_0 1.55R2

1.5_97 1.5554

1.5_15 1.59_

1.52_9 1.5361

.5169 1.528_

.51Ch 1.5212

.50_2 1.5145

._98_ 1.50R2

.U950 1.5022

.UH[B I.h966

.4H30 1._91]

1.4_85 1._86_

1.4919 I.UHI5

1.469F I.4_69

I.h656 1.4726

l._olt 1.46_

I.hSEO I.q6U_ i

I._5h4 I .U605

I._510 I .I156B i

I._16 1.4512 ;

l.li_qh J.b_gH i

1.4q13

65 ?0 75

1.7611

1.7210

1.7121

1.6983

1.6856

1.6T38

1.6628

.6525

.6_29

.6]39

.6255

.6175

.6100

.6029

.5962

.5898

.5818

.5_80

.512_

.56_2

.55?]

.5482

.5_19

.52h6

.517H

1.5114

1.505_

I.h996

I.h947

I._90

1.7990 1.8586

1.778_ 1.81_9

1.7596 1.7935

1.7_25 1.77_8

1.726_ I.T559

1.7123 1.1196

1.6990 1._2_5

1.6866 I._107

1.6?51 1.69/8

1.66_4 1.6859

1.65_$ 1.67_

1.6_9 1.66_

1.6361 1.6596

1.6278 1.6h55

1.6200 1.6_69

1.6126 1.62_B

1.6056 1.6211

1.5989 1.6159

1.5926 1.6070

1.5865 1.600_

1.5808 .5942

1.5700 .5825

1.5601 5719

1.5510 .5621

1.5_25 .5530

1.5_4_ .5_5

1.52T_ .5_66

1.520_ .529_

1.5139 .522_

1.5078 .5158

1.5020 1.5096

1.h969 1.5051

1.4912 1._9_2

1.q_62 1._29

1.4707 I._769 I._850

1.4605 I._/25 l.hT_]

1.h626 I._6_] I._719

I._5N8 I._6_2 I._696

I.h551 I..605 1.4655

I.h465 L I'h516 I._566 I._615

i

i 8o ]
{ 1.8001

i 1.8528
1 .d2d2

1.8059

1 • 1_5_

1.7'6#'3

I. _ 50_

1.13_9

I. i'209

1.701_

1.6952

I .6730

1.66_1

I .65_t

I. 61_1+8

I .6_65

1.6286

1.6212

1.6141

1.609_

1.591+8

1.585_

1.5_29

1.5632

1.55_2

I .5_58

I .5379

1.5_06

I .5256

1.5171

1.5107

.5050

.4940

.4_9

.48_I)

.1+f9_

.4705

1.1+66h

_5

1.9231

1.8925

1.86_2

1.8389

1.8161

1.7955

1.7766

1.7591+

1.1435

I.T289

I._15_

1.1029

1.6915

1.6801+

1.0702

1.6606

1.6516

1.6_51

1.6351

1.6275

1.620_

1.6068

1.591+6

1.5851+

1.5T31

1.5656

1.5547

1.5h61+

1.55B6

1.551_

1.52_4

1.5I_U

1.5116

1.5057

I.SOCI

l.hV1+f

1.1+800

1.1+_55

.... 90 _ 95 I00

1.9696 2.0182 _2.0698

1.9336 1.916_ i2.0222

1.9015 1.9_0_ _|.9806

1.8t29 1.90_9 I1.9_1+0

1.81+T2 1.8190 11.9115

I._0_0

1._8_9

1.T661+

1.T501+

I.f]56

1.7219

I.f092

1.69T_

1.686_

1.6760

1.666_

1.65_2

1.6_86

1.6_05

1.6_28

1.6185

1.6055

1.5957

1.5828

.5127

.56_

.5546

.5_64

.bSBT

.5_15

.52_6

.5181

.5119

.b06o

1.500_

1.4950

1._899

1._850

1.4002

1.8299

I._085

1.7892

1.7716

1.1555

1.7_06

1.7268

I._11+0

I._021

1.6910

1.6801

1.6709

1,6611

1.6531

1.64_9

1.6299

1.6160

1.6055

1.sqLI

1.5815

1.5716

1.5625

1.5539

1.51+59

1.53N3

1.5_11

1.52h]

1.5119

I.bll_

1.5059

1.5003

1.1+9_9

1.1+898

1._8u9

1.1+711 _ It_ i'57 1.1+002

1.8565

1.8119

1.7926

1.7750

1.7589

1.Th_O

1.7_02

I.tl75

1.T056

1.69_5

I 68_1

I 61_

J 6652

1.6565

1.6_05

1.6261

1.61_0

1.6009

1.5899

1.5T96

1.5701

1.5611

1.5521

1.51+1+8

1.5371+

1.5303

I.b2_6

1.5112

1.5112 i

1.5051+i

1.4998 I
1.1+9_5

,.u91+ I
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TABLE IV. - Concluded.

(i) Ratio of plenum speed of sound to speed of

Plenum

temperature,

°R 0

_00 0.9028

_05 0.90P_

.IC 0.9140

615 0.9195

"20 0.9250

.25 0.930.

.3t 0.9359

.35 0.9.12

.hC 0.9.66

b.5 0.9519

h5C 0.9572

555 0.9625

460 0.967?

865 0.9?29

urc 0.9780

475 0.9832

U_C 0.9885

4_5 0.99_.

490 0.998.

.95 1.003_

5CC I.G084

51C 1.C183

520 1.02_0

53C I.C_77

5.C I.C.73

550 I.C567

560 1.0661

57C 1.0753

5_C I.C8.5

59C 1.0935

6oC 1.1025

610 i 1.I11"

_20 1.1202

6_0 1.12H9

64C 1.1_75

65C 1.1460

660 1.1555

6[C 1.1628

6_C 1.1711

690 1.179.

ICC 1.1875

5

C.8996

C.905,

g.9111
C.9169

C.9225

0.92_2

C.9338

0.9393

0.9448

0.9503

0.9558

0.9612

C.9665

0.9/18

C.9771

C.982.

C.9876

0.9928

0.9980

1.0031

1.0082

1.01821.02_2

i 1.0380

1.0478

1.0574

1.0669

1.0/62

1.0855

1.0957

1.1038

1.1128

1.1216

1.130"

1.13¥I

1.1_78

1.1563

1.1647

1.1131

1.1014

1.1896

10

0.896.

0.9024

0.9084

0.9143

0.9202

0.9260

0.9518

0.9375

0.9.32

0.9488

0.954.

0.9600

0.9655

0.9709

0.9763

0.9817

0.9871

0.992_

0.9976

1.0029

1.0081

I.CI85

1.0285

1.0385

1.0484

1.0581

1.0678

1.0T75

1.0867

1.0960

1.1052 1.1066

1.1142 1.1158

1.1232 1.12_9

1.1321 1.1139

1.1409 I.I_27

1.1496 1.1515

1.1582 i 1.1602

1.1667 [ 1.16_8

1.1752 I 1.1713

1.1835 1.1851

1.1918 i 1.1940

15 20

i 0.8934 0.8906

i 0.8997 0.8971
t 0.9058 a 0.903"

! 0.9120 ! 0.9098

0.9180 i 0.9160

i 0.92.0 i 0.9222

i o.93o0 ! 0.92_3
i 0.9_59 i 0.9344
i 0.9.17 i 0.940.

i .9415 0.9463i
0.9532 i 0.9522

! 0.9589 i 0.9580
0.9645 0.9638

i 09r01 0.9695
i 0.9757 0.9752

i 0.9812 1 0.9808

i 0.9867 ! 0.98640.9921! 0.9919
i 0.99_4i 0.997_
) 1.0028 1.0028
i

I 1.oo81i 1.oo82
1.o185 i 1.Ol89
1.0289 1.0294

! 1o3_1I 1o39?
] 1.0491 1.0"99

i

1.0590 1.0600

1.0688 1.0699

1.078, 1.0797

i 1.0819 1.0893

1.0973 1 1.098_

1 . 1082

i 1.1175

I 1. 1267

] 1.1357

1. 1.47

i 1. 1555

] 1. 1623

1.1709

17951880

i 1.1964

Plenum

25 30 35 .0 .5

0.8880 0.885? 0.8836 0.8820 0.8807

0.8947 0.8925 0.8907 0.8892 0.8881

0.9013 0.8993 0.8977 0.8964 0.8954

0.9078 0.9000 0.9046 0.9034 0.9026

0.9142 0.9126 0.911. 0.9104 0.9091

0.9206 0.9192 0.9180 0.9172 0.9167

0.9269 0.9256 0.92,7 0.92_0 0.9236

0.9331 0.9320 0.9312 0.9306 0.9304

0.9392 0.93_$ 0.9376 0.9372 0.9371

0.9453 0.9..5 0.9"_0 0.9437 0.9_37

0.9513 0.9507 0.9503 0.9501 0.9502

0.95_3 0.9568 0.9565 0.9565 0.9567

0.9632 0.9628 0.9627 0.9627 0.9630

0.9691 0.9688 0.9687 0.9689 0.9695

0.9749 0.97.7 0.9748 0.9750 0.9756

0.9806 0.9806 0.9807 0.9811 0.9817

0.9865 0.986. 0.9866 0.9871 0.9878

0.9919 0.9921 0.9925 0.9930 0.9938

0.9975 0.99r8 0.9985 0.9989 0.9998

1.0031 1.0034 1.0040 1.0047 1.0056

1.0085 1.0090 1.0097 1.0105 1.0115

1.0194 1.0200 1.0208 1.0218 1.0230

1.0301 1.0309 1.0518 1.0330 1.03.2

! 1.0.06 1.0.15 1.0426 1.0439 1.0.53

1.0509 1.0520 1.0533 1.0540 1.0562

i 1.0611 1.0623 ].0637 1.0652 1.0668

i 1.0711 1.0725 1.0740 1.0756 1.0773

i 1.0810 1.0825 1.08h1 1.0858 1.0876

i 1.0908 1.0924 1.09.1 1.0959 1.0978

i 1.1004 1.1021 1.1039 1.1058 1.1078

1.1099 1.1117 1.1136 1.1155 1.1176

1.1193 1.1212 1.1231 1.1252 1.1275

1.1285 1.1505 1.1325 1.13.7 1.1369

1.13TT 1.1_97 1.1410 1.1440 1.1463

I.I.67 1.1488 1.1510 1.1535 1.15_6

I 1.1556 1.1578 1.1601 1.162. 1.1648

1.16.4 1.1667 1.1690 1.171_ 1.1738

1.1732 1.1755 1.17f8 1.1803 1.1828

1.18t8 1.1841 1.1866 1.1891 1.1916

1.190_ 1.1927 1.1952 1.19T7 1.2003

1.1988 1.2012 1.2031 1.2063 1.2089
1
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THERMODYNAMIC PROPERTIES OF OXYGEN

sound at i atmosphere and 491.698 ° R (I052.87

pressure, atm

I .....F 50 55

I °-e_99 / c.87_6
I o.eHTs i c.8873
I °-e9"9 / 0.8949
I 0.9023 I c.9o23
F°'9°95 / c.90,7

0.916(> C.9169

0.9236 C.9240

0.9305 C.9310

0.9373 C.9519

0.9440 C.9447

0.9506 C.9514

0.95?2 C.95_0

0.96]6 C.96_5

0.9700 C.9110

0.9763 C.9773

0.9825 C.9836

0.9887 0.9899

0.9948 C.9960

1.0008 1.0021

1.0068 1.00el

1.CI27 1.0141

I.C245 1.0258

1.C357 1.03?3

1.0469 1.0486

1.0578 1.0596

I.C686 1.07C5

1.0792 1.0812

1.0896 1.0916

1.0998 1.1019

1.1099 I.I121

1.1198 1.1221

1.1296 I.I]19

1.1392 1.1416

1.14H7 1.1511

1.1580 1.1605

1.1672 1.1698

1.1763 1.1?89

1.1855 1.1879

1.19_2

1.2010

L
t 1.2116

ft/sec)

I

0.91?6

0.9248

0.9518

0.9]88

0.945t

0.9524

0.9591

0.9657

0.9722

0.9787

0.9850

0.9913

0.9975

1.0016

1.0097

1.0157

1.0275

1.0391

1.0505

1.0616

1.0725

1.08]]

1.0918

I. 042

I. 14_

1. 2_

1. 545

I. 4_0

I. 536

I. 651

1.1724

1.1815

1.1906

1.1968 1.1995

1.2056 1.2084

1.21_5 ! 1.2171
i

i7o ?5 8o
0.8799 ] C.88o_ 0.8825 1 0.8850 I 0.8884 |

0.8877 I 0.8887 o.89o4 1 0.8928 | 0.8961 [

0.8953 | 0.8964 0.89811 0.9005 | 0.9038 l
0.9029 | 0.9040 0.9087 / 0.9081 I 0.9113 |

0.910,10.91150.91,10.9156, o.9186|
0.9188

0.9260

0.9531

0.9402

0.9471

0.95]9

0.9606

0.96?3

0.9738

0.9803

0.9867

0.99]0

0.9995

1.0054

1.0115

1.0176

1.0295

1.0411

1.0525

1.0657

1.0747

1.0855

1.0961

1.1065

I.II68

1.1269

1.1368

I.I466

1.1562

1.1657

1.1750

1.1842

1.1953

1.20Z]

1.2111

1,2199

0.9206

0.9278

0.95_9

0.9420

0.9_89

0.9558

0.9625

0.9692

0.9757

0.9822

0.9887

0.9950

1.0013

1.0075

1.0136

1.0197

1.0316

1.0U53

1.0548

1.0660

1.0771

1.0879

1.0985

1.1090

I.II9]

1.129_

1.139_

1.1492

1.1588

1.1683

1.1777

1.1870

1.1961

0.9229 0.9259

0.9301 0.9131

0.9373 0.9402

0.944] 0.9471

0.9512 0.9540

0.9581 0.9608

0.9648 0.96?5

0.9715 0.9742

0.9780 0.9807

0.98_5 0.98?2

0.9910 0.9936

0.9975 1.0000

1.0056 1.0062

1.0098 1.0124

1.0160 1.0186

1.0220 1.0246

1.03_0 1.0566

1.045T 1.0483

1.05T2 1.0598

1.0685 1.0711

1.0796 1.0822

1.0904 I 0911

I.I011 1.1018

1.1116 1.111]

1.1219 1.1246

1.1320 1.1348

1.1420 1.1448

1.1519 1.1546

1.1615 1.164]

1.1711 1.1739

1.1805 1.183]

1.1897 1.1925

1.1989 1.2017

1.2051 1.2079 ) 1.210?

1.2139 1.2168 I 1.2196 I
/

1.2227 1.2256 _ 1:228"

85

0.8928

0.9004

0.90?9

0.9152

0.9225

0.9296

0.9367

0.9431

0.9506

0.9574

0.9641

0.9708

0.97?3

0.9838

0.9905

0.9967

1.0030

1.0092

1.0154

1.0215

1.0215

1.0395

1.0512

1.0626

1.0739

1.0850

1.0959

1.1066

1.1111

1.1274

1.1376

1.1476

1.1514

1.1671

1.1767

1.1861

1.195_

1.20_5

1.2136

1.2225

1.2315 I

90 95

0.8985 0.9055 | 0.9140

0.9058 0.9124 [ 0.9203

0.9130 0.9192 [ 0.9267
0.9201 0.9280 [ 0.9331

0.9272 0.9328 0.9394

0.9341

0.9410

0.9479

0.9546

0.9613

0.9619

0.9145

0.9810

0.9874

0.9938

1.0001

1.0063

1.0125

1.0186

1.024_

1.0307

1.0_26

1.05_2

1.0657

1.0769

1.0879

1.0988

1.1095

1.1200

1.1303

1.1404

1.150_

1.1603

1.1700

1.1796

1.1890

1.1983

1.207_

1.2165

1.225_

1.25_2

0.9595 0.9458

0.9_62 0.9522

0.9528 0.9585

0.9595 0.9648

0.9659 0.9711

0.9?23 0.9?74

0.9?88 0.9836

0.9851 0.9898

0.9914 0.9960

0.9977 1.0021

1.0039 1.0082 1
1.0101 1.01_2

1.0162 1.0202

1.0222 1.0262

1.0282 1.0121

1.0342 1.0380

1.0459 1.0496

1.0575 1.0610

1.0689 1.0723

1.0801 1.0834

1.0910 1.09_

1.1019 1.1051

I.I125 1.1157

I 1230 1.1261

I 1555 1.136]

1.1434 1.1_65

I 1534 1.156_

I 1632 1.1662

1.1729 1.1159

1.1825 1.1854

1.1919 1.1948

1.2012 1.20_1

1.2103 1.2132

1.2194 1.2223

1.2283 1.2312

1.2371 1.2400
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I lenum

• ORL75

l 180

/ 185
/ 190

195

200

205

210

215

220

-'25

230

235

240

245

250

255

260

265

270

275

280

285

200

295

300

305

310

315

320

325

330

335

340

M, 5

350

360

370

380

390

400

410

420

430

440

450

460

4¢,,70

480

490

500

510

520

530

b40

550

560

570

580

590

600

610

620

630

640

650

660

670

680

690

700

o o0.7193 0.7242

0.7[85 0.7230

0.7177 0,7198 ;_0.1218

0.7169 [ 0.7187
0.7160 0.7177

0.7151 0,7167

0./142 0.7157

0.7134 0.7147

0.7125 0.7137

0.7116 0.7127

0.7107 0.7117

0.7098 0.7107

0.7090 0.70g8

0.7081 0.7089

0.7073 0.7080

0.7065 0.707[

0.7057 0.7062

0.7050 0.7054

0.7042 0.7046

0.7035 0.7038

0.7028 0.7031

0.7021 0.7024

0.7014 0.7017

0.7008 0.70[0

0.7002 0.7003

0.6996 0.6997

0.6990 0.6991

0.6985 0.6985

0.6979 0.6980

0.6974 0.6974

0.6969 0.6969

0.6965 0.6964

0.6960 0.6959

0.6956 0.6958

0.695[ 0.6950

0.6947 0.6946

0.6939 0.6938

0.6932 0.6930

0.6925 0.6923

0.6919 0.69[7

0.0913 0.6911

0.6908 0.6905

0.6903 0.6900

0.6898 0.6895

0.6894 0.6891

0.6890 0.6886

0.6886 0.6883

0.6882 0.6879

0.6879 0.6876

0.6876 0.6873

0.6874 0.6870

0.6871 0.6868

0.6869 0.6865

0.6867 0.6863

0.6865 0.6861

0.6863 0.6859

0.6861 0.6858

0.6860 0.6856

0.6858 0.6855

0.6857 0.6853

0,6856 0.6852

0.6855 0.6851

0.6854 0.6850

0.6853 0.6849

0.6852 0.6848

0.685[ 0.6848

0.6860 0.6847

0.6850 0.6846

0.6849 0.6846

0.6849 0.6845

0.6848 0.6844

i 0.7206

i 0.7194
E

[0.7[82

[0.7171

0.7[59

0.7[48

0.7[37

0.7126

0.7116

0.7106

0.7096

0,7086

0.7077

0.7067

0.7059

0.7050

0.7042

0,7034

0.7026

0,7019

O,70LL

0.7005

0.6998

0.6992

0.6985

0.6980

0.6974

0.6969

0.6963

0.6958

0.6954

0.6949

0.6944

0.6936

0.6g28

0.692[

0.6914

0.6908

0.6902

0.6897

0.6892

0.6887

0.6883

0.6879

0.6876

0.6872

0.6869

0.6867

0,6864

0.6862

0.6859

0.6857

0.6856

0.6854

0.6852

0.6851

0.6850

0.6849

0.6847

0.6866

0.6846

0.6845

0.6844

0.6843

0.6843

0.6842

0.684t

0.6841

15 20 25

0.7266 0.7289 0.7311

0.7251 0.7272 0.7292

0.7237 0.7256 0.7275

0.7224 0.7241 0.7258

0.7210 0.7226 0.7241

0.7197 0.7211 0.7225

0.7184 0.7197 0.72[0

0.7172 0.7183 0.7195

0.7159 0.7170 0.7180

0.7[47 0.7157 0.7166

0.7136 0.7144 0.7153

0.7124 0.7132 0.7140

0.7113 0.7120 0.7127

0.7102 0.7[09 0.7115

0.7092 0.7098 0.7103

0.7082 0.7087 0.7091

0.7072 0.7076 0.708[

0.7063 0.7066 0.7070

0./053 0.7057 0.7060

0.7045 0.7048 0.7050

0.7036 0,7039 0.7041

0.7028 0.7030 0.7032

0.7020 0.7022 0.7023

0.70[3 0.7014 0.70[5

0.7006 0.7006 0.7007

0,6999 0.6999 0.7000

0.6992 0.6992 0.6992

0.6986 0.6986 0.6986

0.6980 0.6979 0.6979

0.6974 0.6973 0.6973

0.6968 0.6967 0.6966

0.6963 0.6962 0.6961

0.6957 0.6956 0.6955

0.6952 0.696| 0.6950

0.6948 0,6946 0.6948

0°6943 0.6941 0.6960

0.6934 0.6932 0.6930

0.6926 0.6924 0.6922

0.69[40.6919 0.6916

0.69[2 0.6909 0.6907

0.6905 0.6903 0.6900

0,6899 0.6897 0.6894

0.6894 0.6891 0,6888

0.6889 0.6886 0.6883

0.6884 0.6881 0.6878

0.6880 0.6877 0.6873

0.6876 0.6873 0.6869

0.6872 0.6869 0.6866

0.6869 0.6866 0.6862

0.6866 0.6862 0.6859

0.6863 0.6860 0.6856

0.6860 0.6857 0.6853

0.6858 0.6855 0.685|

0.6856 0.6852 0.6849

0.6856 0.6850 0.6867

0.6852 0.6848 0.6845

0.6850 0.6841 0.6843

0.6849 0.6845 0.684|

0.6867 0.6844 0,6840

0.6846 0.6842 0.6839

0.6845 0.6841 0.6838

0.6844 0.6840 0.6836

0.6843 0.6839 0.6835

0.6842 0.6838 0.6835

0.6841 0.6837 0.6834

0.6840 0.6837 0.6833

0.6840 0.6836 0,6832

0.6839 0.6835 0.6832

0.6838 0.6835 0.6831

0.6838 0.6834 0.6831

0.6837 0.6834

TkBLE V. TI[E_I,IOD_[_,]IC

(a) Critical-

Plenum

30 35

0.7332 0.7353

0.7312 0.7331

0.7293 ! 0.7310
0.7274 0.7290

0.7256 0.7270

0.1239 0.7252

0.7222 0.7234

0.7206 0.72[6

0.7190 0.7200

0.7175 0.7184

0.7161 0.7168

0.7147 0.7[54

0.7133 0.7139

0.7120 0.7126

0.7108 0.7113

0.7096 0.7100

0.7084 0.7088

0.7073 0.7076

0.7063 0,7065

0.7052 0.7055

0.7043 0.7044

0.7033 0.7035

0.7024 0.7025

0.7016 0.7017

0.7008 0.7008

0.7000 0.7000 i
0.6992 0.6992
0.6985 0.6985 I

0.6918 0.6978

0.6972 0.691[

0.6966 0.6964

0.6960 0.6958

0.6954 0.6952

0.6948 0.6947

0.6943 0.6941

0.6938 0.6936

0.6928 0.6926

0.6920 0.6917

0,6911 0.6909

0.6904 0.6901

0.6897 0.6894

0.689[ 0.6888

0.6885 0.6882

0.6880 0.6876

0.6875 0.687[

0.6870 0.6867

0.6866 0.6863

0.6862 0.6859

0.6859 0.6855

0.6855 0.6852

0.6852 0.6849

0.6850 0.6846

0.6847 0.6844

0.6845 0.6841

0.684_ 0.6839

0.6841 0.6837

0.6839 0.6836

0.6_38 0.6834

0.6836 0.6833

0.6835 0.6831

0.6834 0.6830

0.6833 0.6829

0.6832 0.6828

0.6831 0.6827

i 0.6830 0.6826
!

i 0.68Z9 0.6826

i 0.6829 0.6825
0.68250.6828

0.6828 0.6824

i 0"_82_ 0.682_

L
06830 L06827 [ o.6823

oli
0 • 73 I 0.7392

0.7349 0.7367

0.7326 0.7342

0,7305 0.7319

0.7284 0.7297

0.7264 0.7276

0.7245 0.7256

0.7227 0.7236

0.7209 0.7218

0.7192 0.7200

0.7176 0.7183

0.7160 0.7166

0.7145 0.7151

0.7131 0.7136

0.7117 0.7121

0.7104 0.7107

0.7091 0.7094

0.7079 0.7082

0.7068 0.7070

0.7057 0.7058

0.7046 0.7047

0.7036 0.7037

0.7026 0.7027

0.7017 0.7017

0.7008 0.7008 I

0.7000 0.7000 1

0.6992 D.699|

0.6984 0.6984

0.6977 0.6976

0.6970 0.6969

I
0.6963 0.6962

0.6957 0.6955

0.6981 0.6949

0.6945 0.6943

0.6939 0.6937

0.6934 0.6932

0.6924 0.6922

0,6915 0.6912

0.6906 0.6904

0.6898 0.6896

0.6891 0.6888

0.6885 0.6882

0.6879 0.6876

0.6873 0.6870

0.6868 0,6865

0.6863 0.6860

0.6859 0.6856

0.6855 0.6852

0.6852 0.68_8

0.6848 0.6845

0.6845 0.6842

0,6842 0.6839

0,6840 0.6836

0.6838 0.6834

0.6836 0.6832

0.6834 0.6830

0.6832 0.6828

0.6830 0.6827

0.6829 0.6825

0.6828 0.682_

0.682? 0.6823

0.6825 0.6822

0.6825 0.6821

0.6824 0.6820

0.6823 0.68L9

0.6822 0.6819

0.6821 0,6818

0,6821 o.6817 I
0.6820 0.6817 I

o.6820 o6816l
o.682o 9.6_
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0.741[ 0.7428

0.7383 0.7399

0.7358 0.7372

0.7333 0.7346

0.73[0 0.7322

0.7287 0.7298

0.7266 0.7276

0.7246 0.7254

0.7226 0.7234

0.7207 0.72[4

0.7[89 0.7196

0.?[72 0.7178

0.7156 0.7160

0.1140 0.7144

0,7125 0.7129

O.?ll[ 0.7114

0.7097 0.7[00

0./084 0.?086

0.70/2 0.7073

0.7060 0.7061

0.7048 0.7049

0.7038 0.7038

0.7027 0.7028

0.1017 0.70[7

0./008 0.7008

0.6999 0.6999

0.699[ 0.6990

0.6983 0,6982

0.6975 0.6974

0.6968 0.6966

0.096[ 0.6959

0.6954 0.6952

0.6947 0.6945

0.6941 0.6939

0.6935 0.6933

0.6930 0.6927

0.6919 0.69[7

0.6910 0.6907

0.6901 0.6898

0.6893 0.6890

0.6885 0.6882

0.6879 0.6875

0.6872 0.6869

0.6867 0.6863

0.6861 0.6858

0.6857 0.6853

0.6852 0.6849

0.6848 0.6845

0.6844 0.6841

0.6841 0.6837

0.6838 0.6834

0.6835 0.6832

0.6833 0.6829

0.6830 0.6827

0.6828 0.6825

0.6826 0.6823

0.6825 0.6821

0.6823 0.6819

0.6822 0.6818

0.6820 0.6817

0.68[9 0.6815

0.6818

0.6817

0,68[6

0.6816

0.6815

0.6814

0.6814

0.6813

0.6813

0.6812

I o: o
0,7445 | 0.7461 | 0.7476 0.7490 0.7_04

0.7415 I 0.7429 I 0.7443 0.7456 0.7469

0°7386 I 0.7400I 0.7412 0.7424 0.7435
0.7359 | 0,7371 I 0.7383 0.7394 0.7404

0.7333 0.7344 0.7355 i0.7365 0.7374

0.730g

0.7285

0.7263

0.724l

0.7221

0.720l

0.7183

0.7[65

0.7148

0.7132

0.7319

0.7294

0.7271

0.7248

0.722?

0.7207

0.7187

0.7169

0.7L5[

0.7L35

0.7[19

0.7L04

0.7089

0.7076

0.7063

0.7050

0.7039

0.7027

0.7017

0.7007

0.6997

0.6988

0.6979

0.6971

0.6963

0.6955

0.6948

0.6941

0.6935

0.6929

0.6923

0.6912

0.690[

0.6892

0.6884

0.6876

0.6869

0.6862

0.6856

0.6851

0.6846

0.6841

0.6837

0.6834

0.6830

0.6827

0.6824

0.6822

0.68[9

0.68[7

0.6815

0.68[3

0.6812

0.8810

0.6809

0.6808

0.6807

0.6806

0.6805

0.6805

0.6804

0.6803

0.6805

0.6802

0.6802

0.6802

0.7116

0.7102

0.7088

0.7075

0.7062

0.7050

0.7038

0.7028

0.7017

0.7007

0,6998

0.6989

0.6980

0.6972

0.6965

0.6957

0.6950

0.6944

0.6937

0.6931

0.6925

0.6914

0.6904

0.6895

0.6887

0.6879

0.6872

0.6866

0.6860

0.6854

0.6850

0.6845

0.6841

0.6837

0.6834

0.6831

0.6828

0.6825

0.6823

0.6821

0.6819

0.68[7

0.68[6

0.6814

0.6813

0o6812

0.6814 0.6811

0.6813 0.6810

0.6813 0°6809

0.6812 0.6808

0.6811 0.6808

0.6811 0.6807

0.68[0 0.6806

0.68[0 0.6806

0.6809 0.6806

Q.68o9 _ 0,6805

0.7328

0.7303

0.7278

0.7255

0.7233

0.7212

0.7192

0.7173

0.7[55

0.7137

0.7[2[

0.7[05

0.7091

0.7077

0.7063

0.705[

0.7038

0.7027

0.7016

0.7006

0.6996

0.6987

0.6978

0,6969

0,6961

0.6954

0.6946

0.6939

0.6933

0.6926

0.6920

0.6909

0.6899

0.6889

0.6881

0.6873

0.6865

0.6859

0.6853

0.6847

0.6842

0.6838

0.6834

0.6830

0.6826

0.6823

0.6820

0.6818

0.6815

0.6813

0.6811

0,6810

0.6808

0.6807

0.6805

0.6804

0.6803

0.6802

0.6802

0.6801

0.6800

0.6800

0.6199

0.6799

0.6798

• 0.6798

I 0.7337 0.7345

0.7311 0.7318

0.7285 0.F292

0.7261 0.7267

0.7238 0.7243

0.72[7 0.7221

0.7196 0.7200

0.7176 0.7179

0.7157 0.7[60

0.7140 0.7/42

0.7123 0.7124

0.7107 0.7108

0.7092 0.7092

0.7071 0.7078

0.7064 0.7064

0.7051 0.7050

0.7038 0.7038

0.7026 0.1026

0.70[5 0.7014

0.7005 0.?004

0.6995 0.6993

0.6985 0.6984

0.6976 0.6974

0.6967 0,6966

0.6959 0.6951

0.6051 0.6949

0.6944 0.6942

0.6937 0.6984

0.6930 0.6928

0.6924 0.6921

0.69[8 0.69[5

0.6906 0.6903

0.6896 0°6893

0.6886 0.6883

0.6877 0.6874

0.6869 0.6866

0.6862 0.6859

0.6855 0.6852

0.6849 0.6846

0.6844 0.6840

0.6839 0.6835

0.6834 0.683[

0.6830 0.6826

0.6826 0.6822

0.6823 0.6819

0.6820 0.6816

0.68[7 0.6813

0.68[4 0.6810

0.68[2 0.6808

0.68[0 0.6806

0.6808 0.6804

0.6806 0.6802

0.6804 0.6801

0.6803 0.6799

0.6802 0.6/98

0.6801 0.6797

0.6800 0.6196

0.6799 0.6795

0.6798 0.6194

0.6797 0.6194

0.6797 0.6193

0.6796 0.6193

0.6796 0.6192

0.6795 0.6192

0.6795 0.6191

0.6195 0.6791

85

0.7516

0.7480

0.7446

0.7414

0.7363

0.7353

0.7325

0.7298

0.7272

0.7248

0.7225

0.7203

0.7182

0.7162

0.7144

0.7[26

0.7109

0.7093

0.70/8

0.7063

0.7050

0.7037

0.7025

0.70[3

0.7002

0.6992

0.6982

0.6972

0.6964

0.6955

0.6947

0.6939

0.6932

0.6925

0.6918

0.6912

0.6900

0.6889

0.6880

0.687l

0.6863

0.6855

0.6848

0.6842

0.6837

0.6832

0.6827

0.6823

0.68[9

0.6815

0.6812

0.6809

0.6807

0.6804

0.6802

0.6800

0.6798

0.6797

0.6796

0.6794

0.6793

0.6792

0.6791

0.6791

0.6790

0.6789

0,6789

0.6788

0.6788

0.6788

0.6788

9O

0.7528

0.7491

0.7456

0.7423

0.7391

0.7360

0.7331

0,7304

0.7277

0.7252

0.7228

0.7206

0.7184

0.7164

0.1145

0.7127

0.7110

0.7093

0.7078

0.7063

0.7049

0.7036

0.7024

0.7012

0.7001

0.6990

0.6980

0.6970

0.6961

0.6953

0.6945

0.6937

0.6929

0.6922

0.69[6

0.6909

0.6897

0.6886

0.6876

0.6867

0.6859

0.6852

0.6845

0.6839

0.6833

0.6828

0.6823

0.6819

0.6815

0.6811

0.6808

0.6805

0.6803

0.6800

0.6798

0.6796

0.6795

0.6793

0.6792

0.6791

0.6789

0.6789

0.6788

0.6787

0.6786

0.6786

0.6785

0.6785

0.6784

0.6784

0.6784

I 95 lO0
r

0.7539 0.7549

0.750[ 0.75[0

0.7465 0.7474

0.7431 0.7439

0.7399 0.7406

0.7367 0.7374

0.7337 0.7343

0.7309 0.1314 1

0.728_ 0.7286 :

0.7256 0.7259
i

0.7232 0.7234

0.7208 0.7211

0.7186 0.7188

0.7[66 0.7167

0.7146 0.7L47

0.7127 0.7128

0.7[10 0.7li0
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sound at i atmosphere and 491.688 ° R (4157.10 ft/sec)
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0.7740

0.7795

0.7849

0.7903

0.7956

0.8009

0.8061

0.8113

0.8216

0.8318

0.8418

0.8517

0.8614

0.8711

0.8806

0.8900

0.8994

0.9086

0.9177

0.9267

0.9357

0.9445

0.9533

0.9620

0.9706

0.9791

0.9876

0.9960

1.0043

I.OIZ6

1.0208

1.0289

1.0370

1.0450

L.0529

1.0608

1.0687

1.0765

1.0842

1.0919

1.0995

1.1071

1.1146

95

0.5829

0.5917

0.6006

0.6095

0.6182

0.6266

0.6348

0.6428

0.6505

0.6581

0.6654

0.6725

0.6795

0.6863

0.6929

0.6995

0.7059

0.7122

0.7184

0.7245

0.7305

0.7364

0.74Z3

0.748[

0.?538

0.7595

0.7651

0.7706

0.7761

0.7816

0./8?0

0.7924

0.79?7

0.8029

0.808Z

0.8134

0.8237

0.8338

0.8438

0.8537

0*8634

0.8730

0.8825

0.8919

0.9013

0.9105

0.9196

0.9286

0.9375

0.9464

0.9551

0*9638

0.9724

0.9809

0.9894

0.9978

1.0061

L.0L43

1.0Z25

1.0306

1.0387

1.0467

1.0546

1.0625

1.0703

1.0781

1.0858

1.0935

l.lOll

I.I087

1.1162

lO0

i 0.5853

i 0.5940=
0.6030

0.6118

0.6205

0*6290

0.6372

0.6452

0.6530

0*6605

0.6678

0.6749

0.68i8

0.6886

3,6953

0.7018

0.?082

0.7L45

0.7207

0*?268

0.73Z8

0.7387

0.7445

0.7503

0.7560

0.7617

0.7673

0.?728

0.7?83

0.78_?

0.7891

0.7945

0.7998

3*8050

0,8103

0.8L54

0.8257

0.8358

0.8458

0.8557

0.8654

0.8?50

0.8845

0*8939

0.9032

0.9124

0.9215

0,9305

0.9394

0.94B2

0.9569

0.9656

0.9742

0.9827

0.9912

0.9995

1.0078

1.0161

1,0243

1.0324

1.0404

1.0484

1.0563

1.0642

1.0720

1.0798

1.0875

1.0952

1.1028

I*II03

1.1178
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P] cllUll

o11

i7o
180

180

ZOO

22O

240

250

280

100

}20

340

]60

180

400

420

440

480

480

50O

520

540

560

580

600

620

640

660

680

100

TABLE V. C,,]it ['.:ucd.

i--o

0.4898

0.4909

0._92I

0.4955

0.4965

0.4999

0.5032

0.5063

0.5092

0.5118

0.5140

0.5160

0.5177

0.5192

0.5205

0.5216

0.5226

0.5235

0.5242

0.5249

0.5254

0.5259

0.5263

0.5267

0.5210

0.5272

0.5275

0.5276

0;5278

T
P l {: __]vT/ ]

_3[{ j
_ _ f

[70 i180

IgO

200

,_20

240

280

280

}00

}20

}40

}60

380

400

420

440

460

480

500

520

540

560

580

,500

620

i 640
560

I 680

700

0

0.7606

0.78}4

0.7665

0.7699

0.7768

0.7837

0.7902

0.7961

0.8014

0.8060

0.8100

0.8114

0.8[64

0.8[90

0.8212

0.823[

0.8248

0.8262

0.8275

0.8285

0.8294

0.8}02

0.8}08

0.8313

0.8318

0.8}22

0.8325

0.8328

0.833i I

[0 [ 20
I

THER:40DY_AMIC PROPERTIES CF NORr,t_d_ ttYDROGEH

0.4869

0.4881

0.4894

0.4909

0.494!

0.4975

0.5010

0.5043

0.507}

0.5[00

0.5124

0.5144

0.5162

0.5178

0.5192

0.5203

0.5214

0.522}

0.523[

0.52}8

0.5244

0.5249

0.5254

0.5258

0.5261

0.5264

0.52,57

0.5269

0.527I

IO

0,7586

0.7614

0.7644

0.7677

0.7746

0.7817

0.7884

0.7945

0.7999

0.8046

0.8088

0.8|23

0.8154

0.8t81

0.8204

0.8224

0.8241

0.8256

0.8289

0.8280

0.8289

0.8297

0.830}

0.8309

0.8314

0.8}I8

0.8}22

0.8325

0.8}28

i 0.48}8

0.4852

0.4866

0.488|

0.4915

0.4951

0.4988

0.5022

0.5054

0.5082

0.5[07

0.5129

0.5t47

0.5164

0.5178

0.519l

0.5202

0.5212

0.5220

0.5228

0.52}4

0.5240

0.5245

0.5249

0.5252

0.5256

(c) Crltlca] pressure ratio

Plenum pP()ssurc,, attT_

}0 40

0.4804 0.4769

0.4822 0.4789

0.4837 0.4806

0.485_ 0.4822

0.4888 0.4860

0.4926 0.4900

0.4965 0.4941

0.500I 0.4980

0.50}5 0.5015

0.5064 0.5046

0.5090 0.5073

0,Sll} 0.5097

0.51}2 0.5118

0.5150 0o5136

0.5165

0,5178

0.5190

0.5200

0,5209

0,5217

0.5224

0.8230

0.52}5

0.524O

5O

0.473l

0.4755

0.4773

0.479[

0.4830

0.4873

0.4917

0.4958

0.4995

0.5027

0,5056

0.508I

0,5103

0.5122

0.5152 0.51}8

0.5166 0.5153

0.5178 0.5166

0.5|89 0.5177

0.5198 0.5187

0.5207 0,5196

0.5214 0.5204

0.5220 0.52LI

0.5226 I 0.5217

0.5231 I 0.5222

0.5235 i 0.5227

0.52}9 0.5211

0.5244

0.5247

0.5250

0.5253

0.5256

0.5258

0.5261

0.5263

o.5242 0.52}5

0.5245 I 0.52}.
0"52_ _ o.5241

(d) Critical temperatl;re Patio

P} etlt]rTl][)Poss_'Pe,

i ! ,o 5o
o 7_ 0.75504 o.7_£ o 7516
0.7595 ! 0.7576 0.7558 0.7540

0.7024 ] 0.7604 0.7585 0.7566

0. 7656 0 •7636 0.7616 0 •7597

O. 7726 0 •7706 O, 7680 O. 7,5,57

0.7797 0.7778 0.7760 0.7743

0.7866 0.7849 0.7832 0.7816

0.7929 0.7911 0.7898 0.7884

0.7971 0.7957

0.8021 0.8009

0.8065 0.8058

0.8102 0.8092

0.8115 0.8126

0.816} 0.8155

0.8188 0.8180

0.8209 0.8202

0.8228 0.8221

0.824} 0.8237

0.8257 0.825l

0.8269 0.826}

0.8279 0.8274

0.828? 0.8282

0.8294 0,8290

0.8101 0.8297

0.8306 0.8302

0.8}11 0.8107

O.B}I5 0.8}it

0.8318 0.83[5

0.8321 0.8J18

0.7985

0.8034

0.8076

0.8113

0.8144

0.8172

0.8196

0.8216

0.8234

0.8250

0.826}

0.8274

0.8284

0.8292

0,8299

0.8305

0.8}10

0.8}14

0.8318

0.8}22

0.8}24

o.46,1 046_9 _';_6_ _ 0.4560 o:Lh£
0.,,o! 0.468}I 0.4645I 0.46050.4565
0.4,},/0.4704/ 0.4667I 0.46300.4591

iiii!!/iiiiii'iiiiii'----°--°-
0.4815 0.4789

0.4935 0.4918

0.4974 0.4954

0.5009 0.4990

0.50}9 0.5021

0.5065 0.5049

0.508? 0.5072

0.5107 0.509}

0.5125 0.5|12

0.5140 0.5128

0.5154 0.5142

0.5168 0.5154

0.5176 0.5166

0.5186 0.5175

0.5194 0.5184

0.5Z0[ 0.5192

0.5208 [ 0.5198

O._zI} i 0.5204
0.5218 0.5210

0.5223 0.5214

0.5227 0.5219

0.5230 0.5222

0.4890

0.49}3

0.4911

0.5004

0.5032

0.505?

0.5079

0.5098

0.5115

0.51}0

0.4866 0.4843

0.4912 0.4891

0.4952 0,49}2

0.4986 0.4968

0.5016 0.5000

0.5042 0.5027

0.5065 0.5050

0.5085 0.5071

0.5102 0.5090

0.5118 0.5106

0.5143 0.5132 0.5120

0.5155 0,5144 0.5133

0.5165 0.5155 0.5144

0.5174 0.5164 0.5154

0.5182 0.5172 0.5163

0.5L89 3.5180 0.5L71

0.5195 I 0.5187 0.5178

0.5201 I 0.5191 0.5184
0.5206 I 0.5198 0.5190

i

0.5211 I 0.5205 0.5195

0.5215 0.5207 0.5200

0.5219 I 0.521| 0.5204
i

at[ri

60

0.749g

0.?52}

0.7648

0.7578

0.r649

0.7725

0.7800

O.lefO

0.7944 0.79}1

0.7997 0.7985

0.8043 0.80}2

0.8082 0.807}

0.8117 0.8108

0.8147 0.8118

0.8173 0.81,55

0.8195 0.8188

0.8214 0.8208

0.8211 0.8225

0.8246 0.8240

0.8258 0.8253

0.8269 i 0.8264

0.8278 0.8273

0.8286 , 0.8281

0.8293 : 0.8289

0.8298 0.8295

0.8304

0.8308

0.8312

0.8115

0.8285

0.8291

: 0.8300 0.8296

0.8305 0.8301

0.8J09 0.8}06

0.831 d 0.8309

70 t 800'7_83 0.7467
0.75o7 / o.7491

0.75}0 I 0.7518

0.7559 I 0.7541
0.7630 0.7613
0.7739 I 0.7692

0.7785 0.7771

0.7856 0.784}

0.7919 0.7,07

0.7974 0.7963

0.8022 0.8012

0.8063 0.8054

0.8099 0.8091

0.8130 0.8123

0.8158 0.8150

0.8181 0.8174

0.8202 0.8195

0.8219 0.8213

0.82}4 0.8229

0.8248 0.8243

0.8259 0.8254

0.8269 0.8264

0.82?7 0.8213

0.8281

0.8287

0.8293

0.8298

0.8102

0.8}06

90 IO0

0.7451 0.7436

0.7475 0.7460

0.7495 0.7479

0.7523 0.7506

0.7595 0.7578

0.76?7 0.7661

0.7757 0.774}

0.7830 0.7818

0.7895 0,?884

0.7952 0.7942

0.8002 0.799}

0.8045 0.8036

0.8082 0.8014

0.8115 0.8108

0.8143 0.8L36

0.8168 0.8161

0.818' 0.8183

0.8208 9.8202

0.8224 0.8218

0.8238 0.8233

0,8250 0,8245

0.8250 0.8256

0.8269 0.8265

0.8277 0.8273

0.8284 0.8280

0.8290 0.8286

0.8295 0.8292

0.8299 0.8296

0,8104 0.8301 J
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P] in m:

t ©_1_porat111'e,

ni

I?0

180

_90

ZOO

220

Z40

260

280

30O

]2O

34O

36O

380

40O

420

440

46O

48O

50O

520

540

560

58O

6O0

620

640

660

680

700

0

0.644l

0.66]0

0.6620

0.66[0

0.6393

0.63?9

0.6368

0.6360

0.6356

0.6390

0.6346

0.6]64

0.6341

0.6339

0.6338

0.6337

0.6336

0.6336

0.6335

0.6335

0.6335

0.6335

0.6335

0.6335

0.6335

0.6335

0.6336

0.6]36

0;6336

T/_%LE V. - ,JorLth_uei.

[0

0.6666

0.6455

0.6644

0.6633

0.6413

0.6397

0.6385

0.63?5

0.6369

0.6363

0.6359

0.6355

0.6352

0.6350

0.6348

0.6346

0.6365

0.6366

0.6344

0.6343

0.6343

0.6342

0.6342

0.6342

0.6342

0.6342

0.6362

0.6361

0.6341

2O

0.6494

0.6482

0.6470

0.6457

0.6434

0.64[6

0.5402

0.639l

0.6383

0.63??

0.6372

0.636?

0.6366

0.6361

0.6358

0.6356

0.6356

0.6353

0.6352

0.6351

0.6350

0.6350

0.6349

0.6349

0.6368

0.6368

0.6368

0.6367

0.6347

TiLE_C,IODY]b\MI,3 PROP}:,RTIE8 0Y XOFC,IAL HYDROL_E]_

(_) ,/_':_!cu] hnc'.t3 r'_'.],,

P]enur_1 pFess'arc,

60 50

0.6559 0.6596

0.6546 0.6582

0.6529 0.656[

0.651[ 0.6561

0o6681 0.6506

0.6657 0.64?8

0.6638 0.645F

0.6426 0.646[

0.64[3 0.6429

0.6405 0.6419

0.6398 0.641[

0.6392 0.6404

0.6386 0.6398

0.6382 0.6393

0.63?9 0.6389

0.6375 0.6385

0.6373 0.6382

0.63?0 0.63T9

0.6369 0.637?

0.636? 0.63?5

0.6366 0.6373

0.6364 0.6372

0.6363 0.6370

0.6362 0.6369

0.6361 0.6368

0.6]60 0.6366

0.6359 0.6365

0.6359 0.6366

0.6358 0.6363

at[f_

6O

0.6636

0.6620

0.6596

0.65?3

0.6532

0.6500

0.66?6

0.6658

0.6444

0.6633

0.6424

0.64[6

0.6409

0.6406

0.6399

0.6395

0.6391

0.6388

0.6385

0.6383

0.6381

0.63?9

0.637?

0.63?6

0.63_4

0.63;3

0.63?[

0.63?0

0.6369

3O

0.6525

0.6513

0.6498

0.6483

0.645?

0.6436

0.6420

0.6408

0.6398

0.63gl

0.63B5

0.6379

0.6375

0.637[

0.6368

0.6366

0.6363

0.6362

0.6360

0.6359

0.6358

0.635?

0.6356

0.6355

0.6355

0.6354

0.6354

0.6353

0.6352

?0

0.6679

0.666[

0.6633

0.6606

0.6558

0.6523

0.6496

0.64;6

0.6660

0.6668

0.6437

0.6429

0.642[

0.66[5

0.6609

0.6406

0.6600

0.6397

0.6393

0.6391

0.6388

0.6386

0.6384

0.6382

0.6380

0.6379

0.63?7

0.63?6

0.63?6

8O

0.6724

0.6704

0.66;3

0.6661

0.6586

0.6566

0.6516

0.6494

0.66?6

0.6662

0.665[

0.646[

0.6433

0.6426

0.6420

0.64[6

0.6409

0.6405

0.6402

0.6399

0.6396

0.6393

0.639[

0.6389

0.638?

0.6385

0.6383

0.638l

0.6380

90

0.6771

0.6750

0.67[6

0.66??

0.66[5

0.6570

0.653?

0.6512

0.6492

0.66??

0.6464

0.6654

0.6646

0.6436

0.6430

0.6424

0.6419

0.64[4

0.64i0

0.6407

0.6403

0.6400

0.6398

0.6395

0.6393

0.6391

0.6389

0.638?

0.6385

lO0

0.6821

0.6798

0.6757

0.6715

0.6645

0.6594

0.6558

0.6530

0.6509

0.6492

0.6478

0.6466

0.5456

0.644?

0.6440

0.6433

0.6428

0.6423

0.64[8

0.64[4

0.641l

0.6408

0.6605

0.6402

0.6399

0.639?

0.6395

0.6393

0.6390
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Plenum

t emper&t ure,

o R

115

[80

[85

190

195

200

205

210

215

22O

225

2]0

235

240

245

250

255

.'60

765

27O

275

28O

285

290

295

2100

305

}I0

:I15

]20

$25

3}0

340

145

]50

:160

:170

}80

:19o

_00

410

42O

45O

#4O

45O

46O

4IO

480

490

500

510

52o

5$0

540

550

560

510

58O

59O

bOO

6[0

620

630

640

65O

b6o

670

680

690

70O

0 5

1.0000 0.9984

l.O000 0.9989

1.0000 0.9994

[.0000 0,9998

1.0000 [.0002

1.0000 [.0005

1.0000 1.0008

1.0000 [.OOll

[.0000 l.OO[}

1.0000 [.0016

i.O000 1.0017

1.0000 1.0019

1.0000 1.0021

1.0000 1.0022

1.0000 1.0024

1.0000 1.0025

1.0000 [.0026

1.0000 1.0027

1.0000 1.0028

1.0000 1.0028

1.0000 1.0029

i.O000 1.00$0

1.0000 1.0030

i.O000 1.003[

t.O000 1.00}[

1.0000 1.0032

1.0000 1.0032

1.0000 1.0032

1.0000 1.0033

1.0000 1.00}]

i.O000 1.0033

1.0000 [.00_3

l.O000 1.0033

1.0000 1.0033

1.0000 1.0034

1.0000 1.0036

1.0000 1.0034

1.0000 [.0034

1.0000 [.0034

1.0000 1.0034

1.0000 1.00}3

1.0000 1.0033

1.0000 1.0033

[.0000 1.00}}

1.0000 1.0013

i.O000 1.0032

1.0000 1.00}2

[,0000 1.0032

[.0000 1.0031

1.0000 [.003[

1.0000 1.0031

1.0000 [.0030

1.0000 [.0030

1.0000 [.0030

1,0000 1.0029

1.0000 1.0029

1.0000 1.0029

[.0000 1.0028

[.0000 [.0028

[.0000 1.0028

1.0000 1.0028

1.0000 1.0027

1.0000 [.0027

1.0000 1.0027

1.0000 [.0026

1.0000 [.0026

l.O000 [.0026

l.O000 [.0025

1.0000 1.0025

1.0000 1.0025

1.0000 1.0024

[0

0.9973

0.9983

0.9992

l.O000

1.0007

1.0013

1.0019

1.0024

1.0029

1.003}

[.0037

1.0041

1.0044

1.0046

1.0049

[.005[

1.005}

1.0055

1.0057

[.0058

1.0059

[.0061

[.0062

1.006}

1.0063

1.0064

1.0065

1.0065

1.0066

1.0066

1.0067

1.0067

1.0067

1.0067

[.0068

1.0068

1.0068

1.0068

1.0068

1.0067

1.0067

1.0067

1.0066

1.0066

1.0065

[.0065

1.0064

[.0064

1.0063

1.0062

1.0062

1.0061

1.0060

1.0060

1.0059

1.0058

1.0058

1,0057

1.0056

[.0056

1.0055

[.0054

1,0054

1.0053

1.0053

1.0052

1.0051

1.0051

1.0050

1.0050

1.0049

15

0.9965

0.9980

0.9993

[.0005

[.0015

1.0025

1.0033

[,0041

1.0047

1.0053

1.0059

1.0064

1.0068

[.0072

1.0076

1.0079

[.0082

1.0084

1.0087

1.0089

1.0091

1.0092

1.0094

1,0095

1,0096

1.0097

1.0098

[.0099

[.0100

1.0100

1.0101

1.0[01

1.0[02

1.0102

1.0102

1.0102

1.0102

1.0102

1.0102

1.0102

1.0[01

l,OlO0

1.0100

1.0099

[.0098

1.0097

1.0097

1.0096

1.0095

1.0094

1.009}

1.0092

1.009[

[.0090

1.0089

1.0088

1.0087

1.0086

1.0085

1.0084

1.0083

1.0082

1.0081

1.0080

[.0079

1.0078

1.0077

i.0076

1.0075

1.0074

1.0073

20 _ 25

0.9963 0.9965

0,9982 0.9987
0.9998 i [,0007

1.0013 ! 1.0025

1.0027 1.0042

1.0039 1.0056

[.0050 1.0069

1.0059 1.0080

[,0068 1,0091

1.00/6 l.OlO0

1.0083 1.0109

1.0089 l,Ol[6

1.0095 [.0123

1.0100 1.0129

1.0104 [.0134

1.0108 1.0139

1,01[2 1.0[44

1,0115 1,0148

1.0118 1.0151

1.0121 1.0[54

1,0123 1.0157

[.0125 1.0159

1.0127 1.0162

1,0129 [.0164

1.0130 1.0155

1.0132 [.0167

1.0133 1.0168

1.0134 L.0[69

1,0135 1,0170

1,0135 1,0171

1,0136 l. OlYl

[.0136 1.0172

1.0137 1.0172

1.01}7 1.0173

1.0137 l.Ol?}

1.01}7 1.017]

1.0137 1.01T3

1.01}1 [.OIT2

1.0137 [.0172

1.01}6 I.OIT[

[.0135 l.OlTO

[.0135 1.0i69

[.0134 1.0168

[.01]} 1.0166

1.0131 1.0165

1.0[30 1.0163

1.0129 [.0[62

1.0128 l. Ol60

1.0127 1.0159

1.0125 1.0157

1,0124 1.0155

1.012} 1.0153

1.0121 1.0152

1.0120 1.0150

l.Oll9 1.0148

[.0[17 1.0147

L.Oll6 [.0145

1.0114 1.014}

1.0113 1.0142

1.0112 [.0140

l.Ol[O [.01381.0109 .0137

[.Of08 1.01}5

1.0107 1.0133

1.0105 1.0132

[.0104 [.01JO

i.OlO} 1.0129

1,0102 1,0127

1,0100 1.0126

l.oog9 1.0124

1.0098 1.0123

0.997

0.999_

1.0020

1.004_
1.005_

1.0076

1.0091

1.0[04

1.0116

[.Of2?

[.0137

[.0145

[,015}

1.0160

[.0166

[.0172

1.0117

1.0181

[.0185

1.0189

[.0192

1.0194

1.019/

1.0199

1.020l

[.0203

1.0204

1.0205

1.0206

1.0207

1.0208

[.OZO8

1.0208

1.0209

1.0209

1.0209

1.0209

I.OZO8

1,020/

1.0206

1.0205

1.020}

1.0202

1.0200

1.0198

1.0[97

[.0195

1.0195

1.019[

[.0189

L.OL8?

1.0185

1.0182

[.0180

1,0178

I.OITO

[.0174

1.0lT2

1.0170

1.0168

1.0[66

1.0164

1.0162

[.0160

1.0158

1.0156

1.0155

1.0155

1.0151

1.0149

1.014/

TABLE V.

}5

0.9981

l.OOll

1.0037

1.0060

1.0081

1.0099

i.0116

1.0151

1.0144

1.0156

1,0167

l.Ol/6

1.0185

1.0193

1.0199

[.0206

1.021[

1o0216

1.0220

1.0224

1.0228

1.0231

1,0233

1.0256

1.0238

1.0239

1.024[

1.0242

1.0243

1.0244

1,0244

1.0245

1.0245

1.0245

1.0245

1.0245

1.0245

1.0244

L.0243

L.0242

1.0240

1.02}8

1.02}6

1.0234

[,02}2

[.0230

1.0228

L.0225

1.0223

[.0221

1.0218

1.0216

1.0213

L.0211

1.0208

1.0206

1.0204

1.0201

1.0199

1,0196

1.0194

1.0192

1.0189

1.0187

1.0185

1,0185

1.0180

1.01/8

1,0176

1,0174

L.0L72

Continued.

(f) Plenum

Plenum

40 45

0.9996 1.0016

t.0028 1.0050

1,0057 1.0081

1.0082 1,0108

1,0105 1.0132

1.0125 1.0154

1.0145 1.0174

1.Of60 1,019[

1.0174 1.0207

1.0187 1,0221

1.0199 1.02}3

1.0209 1.0244

1.0219 1.0254

1,0227 1.0263

1.0234 [.0271

1.0241 1.0278

1.0247 1.0284

1.0252 1,0290

1.025/ 1.0295

1.0261 1.0299

1.0265 1.0303

1.0268 1.0306

1,0271 1.0309

1,0273 1.0511

1.0275 1.0}13

1.0277 1.0315

1.0278 1.0517

1.0280 1.0318

1.0281 1.0519

1.0281 1.0320

1.0282 1.0320

1.0282 1.0320

1.028} 1.0320

1.028} 1,0}20

L,0283 1.0320

1.0282 1.0}20

1.0282 [.0}19

1.0281 1.0}18

1.02/9 1.0}16

1.0278 1.0}14

1.0276 l.O}ll

1.027} 1,0309

1.0271 1.0506

[.0269 1.0}0}

1.0266 l.O}O1

1,0264 1.0298

1.0261 1.0294

1.0258 1.029[

1.0255 1.0288

1.025} 1.0285

1.0250 1.0282

L.0247 1.0278

1.0244 1.0275

L,0241 1,0272

1.0239 1.0269

1.0256 1.0266

[.02}} 1,0262

1.0250 1.0259

1.0227 1.0256

1.0225 1.0253

[.0222 1.0250

1.0219 1.0247

1.0217 1,024#

[.0214 1.024[

[.0211 [.0238

1.0209 1.0235
[.0206 1.02}2

1.0204 1.02_0

1.0201 1.0227

1.0199 1.0224

t.0197 [.0221 j

84
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cort/r'ess Ib !lJ t2"

]:li'e s :3: ] l't_, iltm

i 50 55

1.0040 1.0068

1.0076 1.0106

1.0108 [.0140

1.0137 [.0170

1.0163 1.0197

1.0186 L.OZ21

1.0207 1.0243

[.0225 L.0262

1.0242 1.0279

1.0256 1.0294

1.02/0 1.0308

1.0281 1.0320

1.0292 1.03_1

[.0301 1.03_1

1.0309 1.0349

1.0316 [.0356

1.0323 1.0363

1.0329 1.0369

1.0334 1.0374

1.0338 1.0379

1.0342 1.0382

1.0345 1.0386

1.0348 1.0389

1.0351 1.0391

1.0353 1.0393

L.0354 1.0395

1.0356 1.0396

1.0357 1.0397

1.0358 1.0398

1.0358 1.0398

1.0359 1.0398

1.0359 1.0398

1.0359 1.0398

1.0359 1.0398

1.0358 1.0397

1.0358 1.0397

i.0357 1.0395

1.0355 1.0393

1.0353 1.0390

[.0350 1.0387

1.0348 1.0384

1.0345 1.0381

1.0342 1.0377

1.0338 1.0373

[.0335 1.0370

1.0332 1.0366

1.0328 1.0362

1.0324 1.0358

1.0321 1.0354

1.0317 1.0350

1.0314 [.0346

1.0310 1.0342

1_0306 1.0338

1.0303 1.0334

1_0299 1.0330

1.0296 [.0326

[.0292 1.0322

1.0288 1.0318

1,0285 1.0314

1.0282 1.0310

1.0278 1.0306

1.0275 1.0302

I*0271 1.0299

1.0268 [.0295

Ig0265 1.0292

I
1.0262 1.0288I
1;025fl 1.0284

1;0255 1.0281

1.0252 1.0278

1.0249 1.0274

[_1;0246 1.0271

6O

1.0100

1.0140

1.0175

1.0206

1.0234

1.0259

1.0282

1.0301

1.031g

1.0335

1.0349

1.0361

1.0372

1.0382

[.0390

[.0398

1.0405

1.0411

1.0416

1.0420

1.0424

1.0427

[.0430

1.0432

1.0434

1.0435

1.0437

1.0437

[.0438

1.0438

1.0438

1.043_

1.0438

[.0437

1.0456

1.0436

[.0433

1.0431

1.0428

1.0424

1.0421

1.0417

L.0413

1.0409

1.0405

1.0400

1.0396

1.0391

1.0387

1.0382

1.0378

1.0373

1.0369

1.0365

1.0360

1.0356

1.035[

1.0347

1.0343

1.0339

1.0334

1.03t0

1.0326

1.0322

1.0318

L.03L4

1.0311

1.0307

1.0303

[.0299

1.0296

65

1.0137

1.0178

1.0214

1.0246

1.0275

1.0300

1.0323

1.0343

1.0361

1.0377

1.0391

1.0404

1.0415

1.0425

1.0434

1.0441

1.0448

1.0454

1.0459

1.0463

1.0466

1.0470

1.0472

1.0474

1.0476

1.0477

1.0478

1.0479

1.0479

1.0479

1.0479

1.0479

1.0478

t.0417

1.0476

1.0475

1.0472

1.0469

1.0466

1.0462

1.0458

1.0453

1.0449

1.0444

1.0440

1.0435

1.0430

1.0425

1.0420

1.0415

1.0410

1.0405

1.0400

1.0396

1.0391

1.0386

1.0381

1.0377

1.0372

1.0367

1.0363

[.0358

1.0354

1.0349

1.0345

1.0341

1.0337

1.0333

1.032g

1.0325

1.0321

70 75

1.0179 1.0225

1.0220 1.0266

1.0257 1.0303

1.0289 1.0338

1.0318 1.0365

[.0344 1.0391

1.0367 1.0414

[.0388 1.0435

1.0406 1.0453

1.0422 1.0469

1.0436 1.0483

1.0449 1.0496

1.0460 1.0507

[.0470 1.0516

[.0478 1.0525

1.0486 1.0532

1.0492 1.0538

[.0498 1.0543

1.0503 1.0548

1.0507 1.0552

[.0510 1.0555

1.0513 1.0558

[.0515 1.0560

1.0517 1.0561

1.0519 1.0563

1.0520 1.0563

1.052[ 1.0564

1.0521 1.0564

1.0521 1.0554

1.0521 1.0563

[.0520 1.0562

1.0520 1.0561

1.0519 1.0560

[.0518 1.055g

1.0516 1.0557

1.0515 1.0556

[.0512 1.0552

1.0508 1.0548

1.0504 1.0543

1.0500 1.0538

1.0495 1.0533

1.0490 1.0527

[.0485 1.0522

1.0480 1.0516

1.0475 1.0510

1.0470 1.0505

1.0464 1.0499

1.045g 1.0493

1.0454 1.0481

[.0448 1.048[

1.0443 1.0415

1.0437 1.0_70

1.0432 [.0464

1.0427 1.0458

1.0421 1.0452

1.0416 1.0447

1.0411 1.044[

1.0406 [.0436

1.0401 1.0430

1.0396 1.0425

1.0391 1.0419

1.0386 [.0414

1.0381 1.0409

1.0317 1.0404

1.0312 1.0399

1.036? 1.0394

1.0363 1.0389

1.0358 [.0384

1.0356 1.0380

1.0350 [.0315

1.0345 [.0370

8O

L.0275

1.0317

1.0353

1.0386

1.0415

L.0441

1.0464

1.0484

1.0502

[.0518

1.0532

1.0544

1.0555

1.0564

1.0512

1.05/9

1.0585

1.0590

1.0595

1.0598

1.0601

1.0603

1.(3605

1.0606

1.0007

1.0608

1.0608

1.060F

1.0001

1.0006

1.0o05

1.0604

1.0602

1.0600

1.0599

1.0597

1.0_9Z

[.0587

1.0_82

1.0571

1.05ti

L.0565

1.0559

1.0552

1.0346

1.0640

L.0534

L.0527

1.0221

1.0514

L.0508

[.0502

1.0496

1.0689

1.0483

1.0471

L.04?I

1.0465

1.0459

1.0454

1.0_48

1.0642

1.043/

L.043[

1.0420

1.042[

1.0415

1.0410

1.0405

1.0400

1.0395

85

1.0330

1.0371

1.0407

1.0440

1.0469

1.0494

1.0517

1.0537

1.0554

1.0570

1.0583

1.0595

1.0505

1.0614

1.0622

1.0629

1.0634

1.0639

1.0643

1.0646

1.0648

1.0650

1.0651

1.0652

1.0653

1.0653

1.0052

1.0682

1.0651

1.0650

1.0648

1.0647

1.0645

1.0643

1.0640

1.0638

1.0633

1.0627

1.0622

1.0615

1.0609

1.0602

1.0596

1.9589

1.0582

1.0575

1.0568

1.0561

1.0555

1.0548

1.0541

1.0534

L.0527

1.0521

1.0514

1.0508

L.0501

[.0495

1.0489

1.0483

1.04?6

1.0470

1.0465

1.9459

1.0453

1.0447

1.0442

1.0436

1.04_1

1.0426

1.0420

9O

1.0389

1.0429

1.0465

1.0497

1.0525

1.0550

1.0572

1.0591

1.0609

1.0623

1.0636

1.0648

1.0658

[.0666

[.0673

1.0679

1,0684

1.0688

1.0692

1.0694

1.0696

1.0698

1.0699

1.0699

1.0699

1.0699

1.0698

1.0697

1.0696

1.0694

1.0692

l.ObgO

i.0688

1.0685

1.0683

1.0680

1.0674

[.0668

[.0661

1.0655

1.0648

[.0640

1.0633

1.0626

1.0618

1.0611

1.0603

[.0596

1.0589

1.0581

1.0574

1.0567

1.0559

1.0552

1.0545

1.0538

1.0532

1.0525

1.0518

1.0512

L.0505

1.0499

1.0492

1.0486

1.0480

1.0474

1.0468

1,0462

[,045?

1.0451

1.0445

95

1.0453

1.0492

1.0526

1.0557

1.0585

1.0609

1.0630

1.0649

1.0665

1.0679

1.0692

1.0702

1.0712

1.0719

1.07Z6

1.0731

1.0736

1.0739

1.0742

1.0744

1.0746

1.0747

1.0747

1.0747

1.0746

1.0?46

i .0744

1.0743

1.0741

1.0739

1.0737

1.0734

1.073l

1.0729

1.0726

I.O?Z2

1.0716

1.0709

1.0102

L.0694

1.0686

1.0679

1.0671

1.06_3

1.06_5

1,0647

1.06_9

1.06_1

1.0623

1.0615

1.0607

1,0299

L.0592

1.0584

1.0577

1.056g

1.0562

1.0555

1.0548

1.0541

i.0534

1.0527

1.052D

1.0514

1.0507

1.0501

1.0496

1.0488

1.0482

[.0476

1.0470

7
I

I00 Z

1.0521

1.0558

1.0592

1.0621

1.06471

1.0671

[.Oh91

1.O?09

1.0724

1.0738

1.0749

1.0759

1.0768

1.0775

[.0780

1.0785

1.0789

1.0792

1.0t94

1.0795

1.0/96

1.0797 1

1.0196

1.0796

1.0795

[.0?93

1.0792

1.0781

[.0787

1.0785

1.0782

1.0_79

[*0/?6

1.0772

1.0769

1.0765

1.0758

1.0750

1.0742

1.0734

1.0/26

1.07L7

1.07_9

1.0700

1.0b91

1.0683

1.0674

1.9666

1.0657

1.0649

1.0640

1.0632

1.06Z4

1.0616

1.0608

1.0600 1

L.0592

1.05B5

L.0577

1.0570

L.0562

1.0565

1.0548

1.0541

1.0534

1.05Z8i

L.0521

1.0514

1.0508

L.0502:

[.0496]
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-- Plenum .... ]'-- .....

t_mDc_rature, _ F T ] _ "
/

oR o 5 [ot 15,2o,
_75 |2.6952 2.7374 / 2.7781 / 2.8172 l 2.8549
180 _ 2.7[42 2.7533[ 2.79ll | 2.8275 i 2.8626

185 2.7336 2.7699| 2.8051 | 2.8392 2.8720

190 2.7532 2.787! E 2.8200 | 2.8519 2.8828
195 2.7731 2.8048 i 2.8357 / 2.8656 2.8946

200 2 7930 2 8229 _ 2 8518 _" 2 8800 2 9074

205 2;813l 2;8411 2:8684 ! 2;8950 2;9209

210 2.8330 2.8595 2.8853 2.9105 2.9350

215 2.8529 2.8780 2.9024 2.9263 2.9495

220 2.8727 2.8965 2.9197 2.9623 2.9643

225 2.8923 2.9[48 2.9369 2.9584 2.9793

230 2.91[6 2.9331 2.9540 2.9745 2.9945

235 2.9306 2.9511 2.9711 2.9906 3.0097

240 2.9493 2.9689 2.9880 3.0066 3.0248

245 2.9677 2.9864 3.0046 3.0225 3.0399

250 2.9856 3.0035 3.0210 3.038[ 3.0548

255 3.0032 3.0204 3.0371 3.0535 3.0695

260 3.0203 3.0368 3.0529 3.0686 3.0840

265 3.0370 3.0529 3.0684 3.0835 3.0982

270 3.0533 3.0686 3.0834 3.0980 3.[[22

2?5 3.0692 3.0838 3.0982 3.|122 3.1258

280 3.0846 3.0987 3.L125 3.1260 3.1392

285 3.0996 3.1132 3.1265 3.1396 3.1523

290 3.li42 3.[273 3.[402 3.1527 3.1650

295 3.1284 3.[411 3o1535 3.t656 3.1775

300 37*42[ 3.1564 3.1664 3.[782 3.1896

305 3.1556 3.[674 3.179[ 3.1904 3.2015

310 3.1686 3.1801 3.1914 3.2023 3.2131

315 3.1813 3.1925 3.2034 3.2140 3.2244

320 3.1937 3.2045 3.2151 3.2254 3.2354

325 3.2058 3.2162 3.2265 3.2364 3.2462

330 3.2175 3.2276 3.2376 3.2473 3.2567

335 3._289 3.2387 3.2484 3.2578 3.2670

340 3.2400 3.2495 3.2588 3.2680 3.2769

345 3.2506 3.2599 3.2690 3.2779 3.2865

350 3.2609 3.2699 3.2788 3.2874 3.2958

360 3.2800 3.2885 3.2969 3.305[ 3.3130

370 3.2985 3.3066 3.3145 3.3222 3,3298

380 3.3159 3,3235 3.3310 3.3383 3.3455

390 3.3320 3,3393 3.3464 3.3534 3.3602

400 3.3470 3.3539 3.3607 3.3673 3.3738

410 3.36[0 3.3676 3.3740 3.3804 3.3865

420 3.3740 3.3803 3.3864 3.3924 3.3983

430 3.3860 3.3920 3.3978 3.4036 3.4092

440 3.397[ 3.4028 3.4084 3.4139 3.4193

450 3.4074 3.4128 3.4182 3.4234 3.4286

460 3.4168 3.4220 3.4272 3.4322 3.4371

410 3.4255 3.4305 3.4354 3.4402 3.4450

480 3.4335 3.4383 3.4430 3.4476 3.4522

490 3.4408 3.4454 3.4499 3.4544 3.4587

500 3.4476 3.4520 3.4563 3.4606 3.4648

510 3.4537 3.4580 3.462[ 3.4662 3.4703

520 3.4594 3.4634 3.46?4 3.47L4 3.4753

530 3.4645 3.4684 3.4723 3.476[ 3.4798

540 3.4693 3.4730 3.4767 3.4804 3.4840

550 3.4736 3.4808 3.4878

3.4912

3.4772 3.4843

560 3.4775 3.4810 3.4845 3.4879

510 3.4812 3.4845 3.4879 3,4912 3.4944

580 3.4845 3.4878 3.4910 3.4941 3.4973

590 3.4876 3.4907 3.4938 3.4969 3.4999

600 3,4904 3.4935 3.4965 3.4994 3.5023

610 3,4930 3.6960 3.4989 3.5017 3.5046

620 3;4955 3.4983 3.5011 3.5039 3.5066

630 3.49?7 3.5004 3.5032 3.5058 3.5085

640 3.4998 3.5024 3.5051 3.5076 3.5[02

650 3.50i7 3.5043 i 3.5068 3.5093 3.5118

660 3.5035 3.5059 ! 3.5084 3.5108 3.5133

670 3.505[ 3.5075 3.5099 3.5122 3.5146

680 3.5065 3.5089 i 3.5[12 3.5135 3.5157

690 3.5078 3.5101 3.5123 3.5146 3.5168

3.5133 ___,oo 3.5090.....3.5112j __ 3.5[55 3.5176_I

2.8910 2.9257| 2.9588

2.8965 2.9290 I 2.9601

2.9038 2.9343 I 2.9637

2.9126 2.9414 I 2.9692

2.9228 2.9500] 2,9763

2.9340 2.9597| 2.9846
2.9460

2.9588

2.9721

2.9858

2.9998

3.0140

3.0283

3.0426

3.0569

3.071[

3.0851

3.0990

3.ll26

3.1260

3.1392

3.1520

3.1646

3.1770

3.1890

3.2008

3.2123

3.2235

3.2345

3.2452

3.2557

3.2660

3.2759

3.2856

3.2950

3.3041

3.3208

3.3372

3.3525

3.3669

3.3802

3.3926

3.404[

3.4148

3.4246

3.4337

3.4420

3.4496

3.4566

3.4630

3.4689

3.4742

3.4791

3.4835

3.4875

3.4912

3.4945

3.49?6

3.5004

3.5029

3.5052

3.5073

3.5093

3.5111

3.5128

3.5143

3.5156

3.5169

3.5180

3.5190

3.5198

2.9704

2.98[9

2.9940

3.0061

3.0197

3.0329

3.0464

3.0599

3.0734

3.0869

3.1003

3.1136

3.1267

3.1395

3.[522

3.1646

3.1767

3.1886

3.2003

3.2117

3.2228

3.2337

3.2444

3.2548

3.2650

3.2750

3.2847

3.2941

3.3033

3.3121

3.3284

3.3444

3.3594

3.3734

3.3864

3.3985

3.4098

3.4202

3.4298

3.4386

3.4668

3.4542

3.4610

3.46?3

3.4129

3.478[

3.4828

3.487[

3.4910

3.4946

3.4978

3.5001

3.5034

3.5058

3.5081

3.5101

3.5120

3.5[37

3.5153

3.5167

3.5180

3.5i92

3.5202

3.5211

3.5219

2.9940

3.0043

3.0154

3.0270

3.0390

3.0514

3.0640

3.0768

3.0896

3.1024

3.|151

3.1278

3.1403

3.1527

3.1648

3.1768

3.[885

3.2000

3.2112

3.2223

3.233[

3.2437

3.2540

3.2662

3.274[

3.2838

3.2932

3.3024

3.3114

3.3199

3.3359

3.3515

3.366l

3.3798

3.3925

3.4044

3.4153

3.4255

3.4349

3.4435

3.45L4

3.4587

3.4653

3.4714

3.4769

3.4820

3.4865

3.4907

3.4945

3.4979

3.50[0

3.5038

3.5064

3.5087

3.5109

3.5128

3.5[46

3.5162

3.5177

3.5[9[

3.5203

3.5214

3.5224

3.5233

3.5239

40

2.9904

2.9900

2.9920

2.9960

3.0017

3.0087

3.0169

3.026l

3.036[

3.0467

3.0578

3.0693

3.08[2

3.093[

3.[053

3.1174

3.L296

3.1416

3.1536

3.1655

3.1771

3.1886

3.1999

3,2110

3.2219

3.2326

3.243[

3.2533

3.2634

3.2733

3.2829

3.2923

3.3016

3.3105

3.3192

3.3276

3.343[

3.3584

3.3727

3.3860

3.3985

3.4100

3.4208

3.6307

3.4398

3.4483

3.4560

3.4631

3.4696

3.4755

3.4809

3.4858

3.4902

3.4942

3.4979

3.50[2

3.5042

3,5069

3.5094

3.5116

3.5136

3.5155

3.5172

3.5188

3.5202

3.52L5

3.5226

3.5237

3.5246

3.5254

3.5260

!FABLE V. - Cot!tlnued.

(g) Plenum

Plenum

3.0205

i 3.0217

i 3.o261

3.0320

3.0391

3.0472

3.0562

3.0659

3.0761

3.0868

3.0978

3.[091

3.1205

3.1320

3.1436

3.1551

3.1666

3.1779

3.1891

3.2002

3.21[1

3.22[8

3.2323

3.2426

3.2528

3.2628

3.2725

3.282[

3.2915

3.3007

3.3097

3.3[84

3.3269

3.3351

3.3502

3.3651

3.3791

3.392l

3.4043

3.4156

3.4261

3.4358

3.4447

3.4530

3.4605

3.4674

3.473?

3.6795

3.4847

3.4895

3.4938

3.4977

3-5012

3.5044

3.5013

3.5099

3.5123

3.5144

3.5164

3.5182

3.5198

3.5213

3.5226

3.5238

3.5249

3.5259

3.5268

3.5275

i 3.5280

86



THEE_._C.flk_IA_.]IC PRCPERTIES. ,IF [[ HUiAL I£fDRC,;Eli

speciYic heat

oFes_qre, &t_:L
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3.0491 3.0752

3.0458 3.0717

3.0450 3.0698

3,0465 3.0702

3.0497 3,0724

3;0545 3.0761

3,0605 3.0812

3.0676 3.0814

3.0757 3.0945

3.0845 3.1025

3,0939 3.1111

3.1037 3.1202

3.1140 3.1297

3.1266 3.1396

3.1354 3.1498

3.1463 3.1601

3.t572 3.1705

3.1682 3.1809

3.1791 3.1914

3i1900 3.2018

3.2008 3.2121

3.2114 3.2223

3.2219 3.2324

3.2322 3.2626

3,2426 3.2522

3.2524 3.2619

3.2623 ].2714

3.2719 3.2808

3.2814 3.2900

3.2907 3.2991

3.2999 3.3080

3.3088 3.3167

3.3175 3.3252

3.3261 3.3335

3.3343 3.3416

3.3423 3.3494

].3571 3.3638

3.37l? 3.3780

3;3853 3.3914

3;3981 3.4039

3.4100 3.4155

3.4210 3.4263

3.4313 3.4364

3.%408 3.4656

3.4495 3.4542

3._575 3.4620

3.4649 3.4692

3.4717 3.4758

3.6778 3.4818

3.4834 3.4873

3.4885 3.6922

3.4931 3.4967

3.4973 3.5008

3.5011 3.5044

3.5045 3.5077

3.50?6 3.5107

3.5104 3.5134

3.5129 3.5158

3.5152 3.8180

3.5172 3.5200

3.5L91 3.5217

3.5208 3.5234

3.5223 3.5248

3.5237 3.5262

3.5250 3.5274

3.5261 3.5284

3.5272 3.5294

3.5281 3.5303

3.5289 3.5310

3.5295 3.5316

_3.5301 3.5320

60

3.1018

3.0963

3.0935

3.0929

3.094l

3.0970

3.1012

3.1065

3.1128

3.1199

3.1277

3.136l

3.1450

3.1542

3.1637

3.1736

3.1833

3.1932

3.2032

3.2132

3.2231

3.2329

3.2426

3.2523

3.2618

3.2711

3.2806

3.2895

3.2986

3.3072

3.3159

3.3244

3.3327

3.3408

3.3487

3.3563

3.3703

3.3842

3.3973

3.4095

3.4209

3.4315

3.4413

3.4504

3.4587

3,4664

3.4735

3.4799

3.4857

3.4910

3,4959

3.5002

3.5042

3.5077

3.5109

3.5138

3.5164

3.5187

3.5208

3.5227

3.5244

3.5259

3.5273

3.5286

3.5297

3.5307

3.5316

3.5324

3.5331

3.5336

3.5340

65

3.1259

3.1196

3.1159

3.1145

3.1150

3.1170

3.1204

3.1249

].1304

3.1368

3.1438

3.1515

3.1597

3.1683

3.1773

3.1864

3.1958

3.2052

3.2147

3.2242

3.2337

3.2432

3.2525

3.2618

3.2710

3.2801

3.2890

3.2978

3.3065

3.315l

3.3235

3.]318

3.3399

3.3478

3.3555

3.3629

3.3?67

3.3903

3.4031

3.4150

3.4262

3.4366

3.4462

3.4550

3.4632

3.4707

3.4776

3.4839

3.4896

3.4947

3.4994

3.5037

3.5075

3.5109

3.5140

3.5168

3.5193

3.5215

3.5235

3.525_

3.5270

3.5284

3.529?

3.5309

3.5320

3.5329

3.5338

3.5345

3.5351

3.5356

3.5360

?0

3.1485

3.1415

3.1372

3.1352

3.1349

3.1362

3.1388

3.1426

3.1474

3.1530

3.1594

3.1665

3.1140

3.1820

3.1904

3.1990

3.2078

3.2168

3.2258

3.2349

3.2440

3.2531

3.2621

3.2711

3.2799

3.2887

3.2974

3.3060

3.3144

3.322?

3.3310

3.3390

3.3469

3.3547

3.3622

3.3694

3.3829

3.3962

3.4087

3.4204

3.4313

3.4415

3.4509

3.4596

3.4676

).4749

3.4816

3.4878

3.4933

3.4984

3.5030

3.50/i

3.5108

3.5141

3.51?I

].5198

3.5222

3.5243

3.5Z62

3.5280

3.5295

3.5309

3.5322

3.5333

3.5343

3.5352

3.5359

3.5366

3.5372

3.5376

3.5374

75

3.1696

3.1621

3.1574

3.1548

3.1539

3.1546

3.1566

3.1547

3.1638

3.1688

3.1745

3.1809

3.1878

3.1953

3.2031

3.2112

3.2195

3.2280

3.2366

3.2653

3.2540

3.2627

3.2714

3.2830

3.2886

3.2971

3.3055

3.3138

3.3220

3.3301

3.3381

3.3460

3.3537

3.3613

3.3686

3.3757

3.3888

3.4019

3.4141

3.4256

3.4363

3.4463

3.4555

3.4640

3.4718

3.4790

3.4856

3.4916

3.4910

3.5019

3.5064

3.5104

3.5140

3.5172

3.5201

3.5227

3.5250

3.5271

3.5289

3.5306

3.5320

3.5333

3.5345

3.5356

3.5365

3.53?3

3.5381

3.5387

3.5392

3.5396

3.53'#8

8O

3.1891

3.1815

3.1764

3.1734

3.1721

3.1722

3.1736

3.1761

3.1195

3.1839

3.1890

3.1948

3.2012

3.2080

3.2153

3.2229

3.2308

3.2388

3.2470

3.2553

3.2636

3.2720

3.2803

3.288?

3.2970

3.3052

3.3133

3.3214

3.3294

3.33?3

3.3451

3.3528

3.3603

3.367?

3.3149

3.3818

3.3947

3.4074

3.4194

3.4307

3.4412

3.4509

3.4600

3.4683

3.4/60

3.4830

3.4_95

3.4953

3.5U06

3.5054

3.5098

3.513?

3.51?2

3.5203

3.5231

3.5256

3.5Z78

3.5298

3.5315

3.5331

3.5345

3.5358

3.2]69

3.8]?9

3.5387

3.5395

3.5402

3.5407

3.5412

3.5415
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3.2072 3.223/

3.1995 3.2162

3.1943 3.2109

3.1910 3.2075

3.1893 3.2056

3.1889 3.2049

3.1898 3.2053

3,1918 3.2068

3.1947 3.2092

3.1984 3.2124

3.2030 3.2164

3.2082 3.22L1

3.2140 3.2264

3.2204 ].2322

3.2271 3.2385

3.2342 3.2452

3.2416 3.252i

3.2493 3.2593

3.2570 3.266?

3.2649 3.2743

3.2729 3.2819

3.2810 3.2896

3.2890 3.2973

3.2970 3.3051

3.3050 3.3128

3.3130 3.3205

3.3209 3.3282

3.3288 3.3358

3.3365 3.3434

3.3442 3.3509

3.3518 3.3583

3.3593 3.3656

3.3667 3.3728

3.3739 3.3799

3.3809 3.3868

3.3877 3.3934

3.4003 3.4057

3.4128 3.4180

3.4246 3.4246

3.4356 3.4404

3.6459 3.4505

3.4_55 3.4599

3.4644 3.4686

3.4725 3.4766

3.4801 3.4840

3.4870 3.4908

3.4932 3.4969

3.4990 3.5025

3.5042 3.5076

3.5088 3.5122

3.5131 3.5163

3.5169 3.5200

3.5203 3.5233

3.5233 3.5262

3.5260 3.5289

3.5284 3.5312

3.5305 3.5332

3.5324 3.5351

3.5341 3.5367

3.5356 3.5381

3.5370 3.5394

3.5381 3.5405

3.5392 3.54L5

3.5401 3.5423

3.5409 3.5431

3.5416 3.543?

3.5422 3,5443

3.5427 3.544?

3.5431 3.5451

3.5434 3.5453

3.2417 3.5436 3.5454

95

3.2388

3.2315

3.2255

3.2231

3.2210

3.2200

3.2201

3.2212

3.2231

3.2258

3.2293

3.2335

3.2383

3.2437

3.2495

3.2557

3.2622

3.2690

3.2750

3.2832

3.2905

3.29?9

3.3054

3.3128

3.320]

3.3278

3.3352

3.3427

3.3503

3.3573

3.3646

3.3717

3.3788

3.382?

3.3924

3.3989

3.4110

3.4230

3.4344

3.4450

3.6550

3.4642

3.4727

3.4806

3.4879

3.4945

3.5005

3.5060

3.5110

3.5155

3.5195

3.5231

3.5263

3.529l

3.2317

3.5339

3.5359

3.23?6

3.5392

3.5405

3.541?

3.5428

3.543?

3.5445

3.5452

3.5458

3.5453

3.546/

3.5410

3.5472

3.5472

100

3.2523

3.2456

3.2409

3.2376

3.2355

3.2343

3.2342

3.2348

].2364

].2387

3.2417

3.2454

3.2497

3.2546

3.2600

3.2658

3.2719

3.Z183

3.2850

3.2918

3.2988

3.3059

3.3131

3.3203

3.3275

3.3348

3.3420

3.3492

3.3564

3.3635

3.3706

3.3776

3.3845

3.3913

3.3979

3.4042

3.6161

3.4279

3.4390

].4495

3.4593

3.4684

3.4?68

3.4845

3.4916

3.4981

3.5041

3.5094

3.5143

3.5187

3.5226

3.5261

3.5292

3.5320

3.5J44

3.5366

3.5385

3.5402

3.5416

3.5429

3.5441

3.5450

3.5459

3.5467

3.54?3

3.5478

3.2483

3.5486

3.5489

3.5490

3.5490

£7
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t ell_p_ raturc,

-- 175

180

185

190

195

200

Z05

210

215

120

225

2t0

2)5

240

245

250

255

260

265

170

275

280

285

290

195

300

105

110

315

120

]25

1t0

t35

t40

145

t50

360

370

380

190

400

410

420

410

440

450

460

470

480

490

5O0

510

520

530

540

550

560

570

580

590

6O0

610

620

610

640

650

660

670

680

690

700

0

1.5899

1.5834

1.5768

1.5704

1.5640

1.5577

1.5516

1.5455

1.5397

1,5340

1.5285

1.5231

1,5180

1.5130

1.5082

1.5036

1.4992

1.4950

1,490g

[,4870

1.4833

1.4797

1.4763

1.4730

1.469B

1.4668

[,4639

1.4611

1.4584

1.4558

1.4534

1.4510

1.4487

1.4464

1,4443

1.4423

1.4386

[,4351

L.4318

1.4288

1.4261

1.4235

1.4212

1.4191

[.4171

1,4154

1.4138

1.4123

1.4109

1.4097

1.4086

1.4075

1,4066

1.4058

1.4050

1.4043

1.4036

1.4030

1.4025

[.4020

1,4015

1.4011

1.4007

1.4004

1.4000

5 10

1.6091 1.6182

t.6014 1,6191

1.5937 1,6103

1.5861 1.6017

1.5788 1.5933

1.5716 1.5852

1.5646 1,5774

1,5578 1.5698

1.5512 1.6625

1.5449 1.5555

1.5387 1.5488

1.5328 1.5423

1.5271 1,5361

1.5217 1,5301

1.5164 1,5244

1.5114 1.5190

1.5066 [,5138

1.5020 1.5088

1.4975 1.5040

1.4913 1,4995

1,4893 1.4951

1.4854 1.4910

1.4817 1.4870

1o4782 1,4833

1,4748 1.4796

1.4716 1,4761

1,4684 1,4728

1.4654 1,4696

1.4626 1,4666

1.4598 1.4636

1.4571 1,4608

1.4546 1.4581

1.4521 1.4555

1.4498 1.4530

1.4475 1.4506

1.4454 1,4483

1,4414 1.4442

1.4377 1,4402

1.4)42 1.4366

1,4310 1.4332

1.4281 1.4301

1.4255 1.4273

1.4230 1,4247

1.4208 1.4224

1.4187 1.4202

1,4168 1,4182

1.4151 1,4164

1.4135 1,4147

1.4121 1.4132

1.4108 1.4118

1.4096 1.4105

1.4085 I,4093

1,4075 1.4083

1.4065 1.4073

1.4057 1.4064

1.4049 1.4056

1.4042 1.4048

1,6036 1.4042

1,4030 1.4035

L.4025 1.4029

L.4020 1.4024

1.4015 1.4019

1.4011 1.4014

1,4007 1.4010

1.4003 1.4006

1.3997 L,4000 1.4002

1.3994 1.3997 1.3999

1.3992 1.3994 1.1996

1.3990 1,3991 1.3993

1.3988 1.3989 1.)990

1.t986 1,3987 1.3988

TABLE V. - C,ol:tinued.

18 20

1.6469

1.6366 1.6539

1,6266 1.6427

1.6170 1.6320

1,6076 1.6117

1.5986 1.6118

1.5gO0 1.6023

1.5816 1.5932

1.5736 1.5845

1.5659 1.5761

1.5586 1.5682

1.5515 1.5606

1,5448 1.5533

1.5384 1.5464

1.5322 1.5398

1.5264 1.5335

1.5208 1.5276

1.5154 1.5219

1,8101 1,5165

1.5055 1.5113

1.5008 1,5064

1.4964 1.5017

1.4922 1.4972

1.4882 1.4930

1.4843 1,4889

1.4606 1.4850

1.4771 1.4813

1.4737 1.4777

1.4705 1.4743

1.4674 1.4710

1.4644 1.4679

1.4615 1.4649

1.4588 1.4620

1.4562 1.4592

1.4531 1.4566

1.4513 1.4541

1.4468 1.4495

1.4427 1.4451

1.4389 1.4411

1.4353 1.4374

1.4321 1.4340

1.4291 1.4309

1.4264 1.4281

1.4239 1.4255

1.4216 1.4231

1.4196 1.4209

1.4176 1.4189

1,4159 1.4170

1.4143 1.4153

1.4128 1.4138

1,4114 1.4124

1.4102 1.4111

1.4091 1.4099

1.4081 1.4088

1.4071 1.4078

1,4062 1.4069

L,4054 1.4060

1.4047 1.4052

1,4040 1.4045

L,4034 1.4038

L.4028 1.4032

1.4023 1.4027

1,4016 1.4021

1.401) 1.4016

1.4009 1.4012

1.4005 1.4007

1.4001 1,4003

1.)998 1.4000

1,3995 [.3996

1,3992 1,3993

1,3989 1,3990

25 ] 3_ ! 35
L

-- t ....... J
1.6837 _ 1.7016 ! 1.7193

1,6709

1.6586

1.6468

1.6355

1,6246

1,6143

1,6045

1.5950

1.5861

1.5775

1,5694

1.5616

L.5542

1.5472

1,5405

1,5342

1.5282

1,5224

1,5170

1.5118

1,5068

1.5021

1,4g76

1.4933

1,4892

1,485)

1,4816

1.4780

1,4746

1.4713

1.4681

1.4651

1.4622

1,45g5

1,4568

1.4520

1.4474

1.4452

1.4394

1.4359 1.4377

1.4326 1.4343

1,4297 1.4312

L,4269 1.4284

L.4244 1.4258

1.4222 1.4234

1.4201 L.4212

1.4181 1.4192

1.4164 1.4174

1.4147 1.4L87

1.4133 L.4141

1,4119 1.4127

1.4106 i.41L4

1.4095 1,4102

1.4084 L,4091

1,4075 1,4081

1.4066 1.4071

1.4057 1,4062

1.4050 1.4054

1.4043 L.4047

1.4036 1.4040

1.4030 1.4034

1.4024 1.4028

l._Olg 1.4022

1.4014 1.401r

1.6010

I._005

1._OO1

1.3998

1.3994

1.399[

1.6876 1.7040

1.6741 1,6893

1,6612 1.6754

1.6490 1.6622

1,6372 1.6495

1.6261 1.6376

1.615_ 1.6262

L.6U84 1.6154

1.5957 1.6051

1.5866 1.5954

1.5//9 1.5862

1.5697 1.5775

1,5618 1.5692

L.5544 1.5613

1,5473 1.5539

1,5406 1.5468

1.5342 1.5401

1.5282 1.5338

L.5224 1.5277

L._L70 1.5220

1,51L8 1.5166

1.5068 1.5114

1.5021 1.5065

L,4976 1o5018

1,49)3 1.4973

1.4892 1.4930

1,4853 1.6890

1.4816 1.4851

1.4780 1.4813

1.4746 1.4778

1.4113 1.6743

1.4681 1.4711

1.4651 1.4679

1.4622 1.4649

1.4595 1.462L

1.4545 1.4568

1.4497 L,4519

1.4453 L.4474

1.4414 1.4432

L,5603

1.5528

1.5458

L,5392

L,5329

1.5269

1.5212

1,5158

1.5107

1,5058

1,5011

1,4967

1.4925

L,4884

1.4845

1.4808

1,4773

1,4739

1,4706

1.4675

1.4646

1.4592

1.4540

1.4494

1.4451

1.4394 1.4411

1.4)59 1,4375

1.4)27 1.4342

1.4298 1.4312

1.6271 1.4284

1.4246 1.4258

1.4223 1.6234

1,4203 1.4213

1,4183 1.4193

1.4166 1.4175

1.4150 1.4158

1.41)5 1.4142

L,4121 L,4128

[.4108 1,4115

1.4097 1,4103

1.4086 1.4092

1.4076 1,4081

1.4067 1.4072

1.4059 1,4063

1.4051 1.4055

1.4044 1.4047

L.4037 1.4040

1.4031 L,4033

1.4025 1.4027

1.4019 1.4021

1.4012 ] 1.4014 1.4016

1.4007 1.4009 1,401L

1.4003 1.4005 1,4006

1.3999 1.4000 1.4002

1.3995 I 1.3997 1,3998

I I

1.3992 ] 1.3993 [ 1.399_

(L) Plenum

PI enum

40 _ 45--

1.T366 1.7536

L.7201 1.7358

L.7043 1.718g

L.6893 1.7028

1,6750 L.6876

1,6615 1.6732

1.6487 L.6596

1.6366 L.6468

L.625L 1.6346

1.6143 1.6231

1.6040 1.6123

1.5943 1.6021

1.5850 1.5924

L.5763 L.5832

L.5681 L.5746

L.5664

L.5587

L.55L3

1.5444

1.5378

L*5316

L.5257

L.5201

L.5148

L.5097

L.5048

L.5002

L,4q59

L.4917

L,4876

L.4838

i.4801

L.4766

1.4733

1,4701

L.4670

1.4614

L.4561

1,4513

1.4469

L.4428

L.439L

L.4356

1.4325

1,4296

1.4269

1.4245

1.4223

1,4202

1.4L83

L.4166

1,4L50

1,4135

1.4L21

1.4109

1.4097

1.4086

1.4076

1.4067

L.4059

L.4051

L.4043

L.4036

L.4030

L.4024

L.4018

1.4012

1.4007

1.4003

1.3999

_It 3995

88
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1.7703 1.7867

1.7513 1.7664

1.7332 [.7472

1.716[ 1.7290

1.6999 1.7118

1.6846 L.6957

1.6702 1.6804

1.6566 1.6861

1.6438 1.6527

1.63l? 1.6400

1.6203 1.6280

1.6096 1.6168

1.5994 1.8062

1.589g 1.5963

1.5808 1.5869

1.5723 1.5780

1.5642 1.5696

1.5566 1.5617

1.5494 1.5542

1.5426 1.5472

1.5361 1.5405

1.5300 1.5341

1.5242 1.5281

1.5187 [.5224

1.9134 1.5170

1.5084 1.5118

1.5037 1.5069

1.4991 1.5022

1.4948 1.4978

1.4906 1.4935

1.4867 1.4894

1.4829 1.4855

1.4793 1.4818

1.4758 1.4782

1.4725 1.4748

1.4693 1.4716

1.4635 1.4656

L.4581 1.4600

1.4531 1.4549

1.4486 1.4502

1.4444 1.4459

1.4405 1.4420

1.4370 1.4383

1.4338 1.6350

1.4308 1.4319

1.4281 1.429L

1.4255 1.4265

1.6232 1.4242

1.4211 1.4220

1.4191 1.4199

1.4173 1.4181

1.4157 1.4164

1.4142 1.4148

1.4127 1.4133

1.4116 1.4120

1.4102 1.4107

1.4091 1.4096

1.4081 1.4085

1.407[ 1.4075

1.4062 1.4066

1.4054 1.4057

1.4046 1.4049

1.6039 1.4041

1.6032 1.4034

1.4026 1.4028

1.4020 1.4021

1.4014 1.4016

1.4009 1.4010

1.4004 1.4005

1.3999 1.4000

11_3995 1.3996

6O

L.8026

1.7811

1.7608

1.7415

1.7234

1.7064

1.6906

1.6753

1.6612 i

1.6479

1.6355

1.6238

1.6128

1.6024

1.5926

1.5834

1.5748

1.5666

1.5589

1.5516

1.5446

1.538l

1.5319

1.5260

1.5204

1.5151

1.5101

1.5053

1.5007

1.4963

1.4921

1.4881

1.4842

1.6806

1.477l

1.4738

1.4676

1.4619

1.4566

1.4518

1.4474

1.4434

1.4396

1.4362

1.4331

1.6302

1.4275

1.4251

1.4228

1.4207

1.6188

1.4170

1.4154

1.4139

1.4125

1.4112

1.6100

1.4089

1.4079

1.4089

[.4060

1.4052

1.4044

1.4036

1.6030

1.4023

i.4017

1.4011

1.4006

1.4001

1.3996

65

1.8182

1.7955

1.7740

L.7537

1.7346

L.7167

1.6999

1.6842

1,6694

1.6556

1.6426

1.6305

1.6190

1.6083

1.5982

1.5887

1.5797

1.5712

1.5633

1.5557

1.5486

1.5419

1.5355

1.5295

1.5237

1.5183

1.5131

1.5081

1.5034

1.4989

[.4946

[.4905

1.4866

1.4828

1.4792

L.4758

1.4696

1.4637

1.4583

1.4534

1.4488

1.4447

1.4409

1.4374

1.4341

1.4312

1.4284

1.4259

1.4236

1.4215

1.4195

1.417?

1.4160

1.4145

1.4130

1.4117

1.4105

1.4093

1.4082

1.4072

1.4063

1.4054

1.6046

1.4039

1.4031

1.4025

1.4018

[.4012

1.4007

1.4002

1.3997

70

1.8334

1.8095

1.7869

1.7655

1.7455

1.7267

1.7091

[.6927

1.6773

1.6629

1.6495

1.6368

1.6250

1.6139

L.6034

1.5936

1.5844

1.5757

1.5675

1.5597

1.5524

1.5455

1.5390

1.5328

1.5269

1.5213

1.5159

1.5109

1.5060

1.5014

1.4970

1.4928

1.4888

1.4850

1.4813

1.4778

1.4714

1.4654

1.4599

[.4549

1.4502

1.4460

1.4421

1.4385

1.4352

[.4321

1.4293

1.4268

1.4244

1.4222

1.4202

1.4183

1.4166

1.4150

1.4135

1.4121

1.4109

1.4097

1.4086

1.4076

1.4066

1.4057

1.4048

1.4041

1.4033

1.4026

1.4019

1.6013

1.4008

1.4002

1.3997

1.8483 | 1.8627

1.8231 _ 1.8363

1.7993 | 1.8114

1.7769| 1.7880

1.7560 ] 1.7661

1.7363 L.7456

1.7180 1.7265
1 •7009 L. 7087

1.6869 1.6921

1 • 6700 L • 6766

1.6560 1.6622

[.642g L .6487

1.6307 1.6361

1.6192 1.0243

1.6085 1.6132

1.5983 1.6028

1.5888 1.5931

1.5799 1.5839

1.5715 1.5753

1.5635 1.5671

1.5560 1.5594

1.5489 1.5522

l• 5422 1 •5453

1.5359 1.5388

1.5299 1.5327

1.5241 1.5268

1.5187 1.5213

1.5135 1.5160

1.5086 1.5109

1.5038 1.5081

1.499] 1.5015

1.4951 1.4972

1.4909 1.4930

1.4870 1.4890

1.4833 1.4852

1.4797 1.4815

1.4732 1.4749

1.4670 i .4686

1.4614 1.4629

1.4563 L .4576

1.4516 1.4528

1.4472 1.4484

1.4432 1.4443

1.4396 1.4406

1.6362 1.4371

1.4331 1.4340

1.4302 1.4310

1.4276 1.4283

1.4251 1.4259

1.4229 1.4236

1.4208 1.4214

1.4189 1.4195

1.4171 1.4177

1.4155 1.4160

1.4140 1.4144

1.4126 1.4130

1.4113 1.4117

1.4101 1.4104

1.408g 1.4092

1.4079 1.4081

L.4069 1.4071

1.4059 1.4062

L.4051 1.4053

1.4042 1.4044

1.4035 1.4036

[.4027 1.4029

1.4021 1.4022

1.4014 1.4015

1.4008 1.4009

L.4003 1.4003

1.3998 1.3998

85

1,8766

1.8491

1.8231

1.7986

1.7758

1.7544

1.7346

1.7L62

1.6990

1.6830

1.6681

1.6542

1.6412

1.6291

1.61/7

1.6070

1.5971

1.5877

1.5788

1.5705

1.5627

1.5553

1.5483

1.5416

1.5354

1.5294

1.5237

1.5183

1.5132

1.5083

1.5036

1.4992

1.4949

1.6908

1.4870

1.4833

1.4765

1.4701

1.6843

1.4589

1.6540

1.4495

1.4454

1.4416

1.4381

1.4348

1.4318

1.4291

1.4266

1.4242

1.4220

1.4200

1.4182

1.4185

1.4149

1.4134

1.4120

1.4107

1.4095

1.4084

1.4074

1.4064

1.4055

1.4046

1.4038

1.4030

1.4023

L.4016

1.4009

1.4003

1.3998

90 1 95

1.8902 L.9033

1.8615 1.8734

1.8343 1.845l

1.8088 1.8186

1.7851 L.7939

1.7629 1,7710

1.7423 1.7497

1.7232 1.7300

1.7055 1.7116

1.6890 1.6947

1.6737 1.6789

1.6594 1.6642

1.6460 1.6505

L.6336 1.6378

1.6219 1.6259

1.6110 1.6147

1.6008 1.6043

1.5912 1.5945

1.5822 [.5853

1.5737 1.5767

1.5657 1.5685

1.5581 1.5808

1.5510 1.5536

1.5443 1.5467

1.5379 1.5402

1.5318 1.5341

1.5260 1.5282

1.5206 1.5226

1.5153 1.5173

1.5104 1.5123

1.5056 1.5075

1.5011 1.5029

1.4967 1.4985

1.4926 1.4943

1.4887 1.4933

L.4849 1.4865

L.4780 1.4794

L.4715 1.4729

[,4656 1.4669

L.4602 1.461q

1.4552 1.4563

[.4506 1.4516

L.4464 1.4474

1.4425 1.4434

1.4389 1.4398

1.4356 1.4364

L.4326 [.4333

1.4298 L.4305

1.4272 L.4279

1.4248 1.4254

1.4226 1.4232

1.4206 1.4211

1.4L87 L.4192

1.4169 1.4174

1.4L53 L.4L57

1.4138 1.4142

L.4L24 1.4L27

L.4[11 1.4114

1.4098 1.410L

1.4087 1.4089

L.4076 1.4078

1.4066 1.4068

1.4056 [.4058

1.4047 1.4049

1.4039 L.4040

1.4031 L.4032

1.4024 [.4024

1.4017 L.40L7

1.4010 L.40LO

1.4004 L.4004

1.3998 1.3998

T I00

1.9159

1.8849

1.8555

J.8280

1.8024

1.7786

1.7568

1.7363

1.7174

1.7000

1.6838

1.6687

1.6547

L.64L7

1.6295

L.b182

L.6075

1.5976

L.5882

L.5794

1.5711

1.5633

1.5560

1.5490

1.5424

1.5362

1.5302

1.5246

1.5192

1.5L4[

1.5092

1.5045

1.5001

1.4958

1.4918

1.4879

1.4808

1.4742

1.4681

1.4625

[.4573

1.4526

1.4483

1.4443

1.4406

[.4372

L.4140

L.4311

L.4285

1.4260

1.4237

1.4216

L.4196

[.4178

[.4161

1.4145

1.4130

1.4117

1.4104

1.4D92

1.4080

1.4070

1.40b0

L.4050

L.4041

L.4033

L.4025

1.4018

1.4011

1.4004

1.3998

89



t cqtt[] _i,a']-,Li,c,

[75

1.80

!.85

190

[95

200

205

210

215

220

225

230

235

240

245

;'50

255

Z60

265

-'70

275

280

285

290

295

300

305

310

315

320

325

t30

_35

340

345

350

_60

370

380

390

400

410

420

430

44O

450

46O

470

48O

490

500

510

520

530

540

550

560

570

580

59O

600

610

620

630

640

650

660

670

680

690

700

0

0.6332

0.6408

0.6483

0,6557

0.6629

0.6700

0.6??0

0.6839

0.6906

0.6973

0.7039

0.7105

0.7169

0.7233

0.7297

0.7360

0.?422

0.7484

0./545

0.7606

0.7667

0.7727

0.7786

0.7846

U.7904

0.7963

0.8021

0.8079

0.8|36

0.8[93

0.8250

0.8306

0.8362

0.8418

0.8474

0.8529
0.8639

0.8747

0.8854

0.8961

0.9066

0.9171

0.9274

0.9377

0.9479

0.9580

0.9680

0.9780

0.9879

0.9977

1.0074

1.0170

1.0266

1.0151

1.0486

1.0549

[.0642

1.0735

1.0826

1.09[7

1.1008

I.I097

I.I187

1.1275

1.1363

1.1450

1.i536

1.1622

1.1708

1.1793

L.1877

5

0.6361

0.6438

0.6515

0.6589

0.6662

0.6734

0.6804

0.6874

0.6942

0. r009

0.?076

0.7141

0.7206

0.727l

0.1334

0.7397

0.7460

0.7522

0.7583

0.7644

0.7705

0.7765

0.7824

0.7886

0.7943

0.8001

0.8059

0.81[7

0.8174

0.8231

0.8288

0.8344

0.8400

0.8456

0.85ll

0.8567
0.8676

0.8784

0.88@2

0.8998

0.9103

0.9207

0.9311

0.9413

0.9515

0.9616

0.9716

0.9815

0.9914

1.001[

1.0108

1.0205

1.0300

1.0395

1.0489

1.0583

1.0675

1.0768

1.0859

1.0950

1.1040

1.I129

1.1218

1.1306

1.1394

10

0.6393

0.64?2

0.6549 0.6586

0.6624 0.6662

0.6698 0.6736

0.6710 0.6809

0.6841 0.6880

0.6911 0.6950

0.6979 0.7019

0.7047 0.7087

0.7[[4 0.7154

0.7180 0.7220

0.7245 0.7285

0.7309 0.7349

0.7373 0.7413

0.7436 0.7476

0.7499 0.7539

0.756[ 0.7601

0.7622 0.7662

0.?683 0.?723

0,7744 0.7784

0.7804 0.7844

0.?864 0.?903

0.7923 0.7963

0.7982 0.8021

0.8040 0.8080

0.8098 0.8138

0.8156 0.8195

0.8213 0.8253

0.8270 0.8310

0.8327 0.8366

0.8383 0.8422

0.8439 0.8678

0.8494 0.8533

0.8550 0.8589

0.8605 0.8644
0.8?[4 0.8753

0.8822 0.886[

0.8929 0.8967

0.9035 0.9073

0.9140 0.9[78

0.9244 0.9282

0.9347 0.9384

0.9450 0.9486

0.9551 0.9588

0.9652 0.9688

0.9752 0.9788

0.9851 0.9886

0.9949 0.9984

L.0046 1.0081

L.0143 1.0178

L.0239 1.0274

1.0334 1.0369

1.0429 1.0463

L.0523 1.0557

[.0616 1.0650

[.0709 1.0762

1.0800 1.0833

1.0892 1.0924

[.0982 1.1015

1.L072 1.1104

1.L161 1.1193

I.[250 1.1281

1.1338 1.1369

[.[425 [.1456

1.1481 1.1512 1.1542

1.1567 1.1598 1.1628

1.1653 1.1683 1.1714

1.1738 I 1.1768 1.1798

1.1823 I 1.[852 1.L882

[.1907 I 1.1936• [.1966

TAZLLE V. - Concluded.

(_) Rat',,_ of plerlum speed of s<ourld to s gl e e d cf

P] 0/II_Tn

,5 1 20

o6428 i0.6508

25

0.6468 0.6511

0.6548 0.6591

0.6626 0.66?0

0.6703 0.6?46

0.6777 0.6821

0.6850 0.6894

0.6921 0.6965

0.6992 0.7035

0.7061 0.7104

0.7128 0.7172

0.7195 0.7239

0.7261 0.7305

0.7326 0.7370

0.7391 0.7434

0.7455 0.7497

0.75[8 0.7560

0.7580 0.7623

0.7662 0.1685

0.7703 0.7746

0.7?64 0.7807

0.7825 0.786?

0.7885 0,792?

0.7944 0.7986

0.8003 0.8065

0.8062 0.8103

0.8120 0.8L62

0.8178 0.8219

0.8236 0.8277

0.8293 0.8334

0.8350 0.8390

0.8406 0.8446

0.8462 0.8502

0.8518 0.8558

0.8573 0.8613

0.8628 0.8668

0.8683 0.8722

0.8792 0.8831

0.8899 0.8938

0.9006 0.9044

0.9111 0.9150

0.9216 0.9256

0.9319 0.9357

0.9422 0.9459

0.9523 0.9561

0.9624 0.9661

0.9?24 0.976|

0.9824 0.9860

0.@922

1.0020

1.0117

1.0213

1.0308

1.0403

1.0497

1.0591

1.0583

1.0775

1.0866

1.0957

1.I047

1.1136

1.1225

1.1313

1.1400

1.1487

1.1573

1.1059

1.1744

1.1828

1.19L2

1.1996

3O

0.6557

0.6638

0.6/16

0.6?93

0.6867

0.6960

0.1011

0.7081

0.?150

0.7_L7

0.7284

0.1349

0.7414

0.7478

0.7542

0.7604

0.7067

0.7?28

0.7789

0.7850

0.7910

0,7969

0.8029

0.8087

0.8146

0.8204

0.8261

0.8318

0.8375

0.8431

0.8487

0.8_43

0.8598

0.8653

0.8708

0.8762

0.8871

0.8978

0.9083

0.9188

0.9292

0.9395

0.9497

0.9598

0.9698

0.9/98

0.9896

0.9958 0.9996

[.0055 1.0091

[.0152 [.0188

1.0248 1.0Z83

[.0343 1.0378

1.0638 1.0472

L.0531 1.0566

1.0625 1.0659

1.0717 L.0751

L.0809 L.0842

1.0900 [.0933

L.09g0 [.1023

L.LO80 [.[112

1.I169 1.1z0!

L.1257 L.IZ89

1.1345 L.1377

L.1432 1.1_64

L.1518 L.1550

1.1604 1.1635

1.1690 1.1720

1.1774 L.L_05

1.1859 1.1889

1.1962 1.1972

1.2025 1 _2055 1.2 085

0.8072

0.8[30

0.8189

0.8246

0.8304

0.8360

0.9417

0.8673

0.8529

0.8584

0.8639

0.8696

0.8769

0.8803

0.8911

0.9017

0.9123

0.9227

0.9331

0.9433

0.9535

0.9636

0.9736

0.9835

0.993]

1.0030

1.0127

1.0223

1.0319

1.041]

1.0507

[.0600

1.0693

1.0785

1.0876

1.0966

1.1056

1.1145

1.1233

1.132[

L.1409

L.1495

[.1581

[.1666

L.175L

L.1836

L,Lgl9

1.2002

35 40

0.6608 0.6662
0.6688 0.6742

0.6?66 0.6820

0.6842 0.6895

0.6916 0.6968

0.6989 0.7040

0.?060 0.7110

0.7129 0.7179

0.7197 0.7267

0.7265 0.7314

0.7331 0.7380

0.7396 0.7444

0.7461 0.7508

0.7524 0.7572

0.7587 0.7634

0.7650 0.7696

0.1712 0.7758

0.7773 0.7819

0.7834 0.7879

0.7894 0.7939

0.7954 0.7999

0.8013 0.8058

0.8116

0.8175

0.8232

0.8290

0.8347

0.8403

0.8460

0.8516

0.8571

0.8626

0.8681

0.8736

0.8790

0.8844

0.8952

0.9058

0.9163

0.9267

0.9370

0.9472

0.9573

0.9673

0.9773

0.9872

0.9970

1.0067

1.0163

1.0259

1.0354

1.0448

1.0542

1.0635

1.0727

1.0818

1.0909

L.0999

1.1089

1.1178

1.1266

1.1354

1.1440

1.1527

1.1613

l.[698

1.L782

1.1866

1.1950

1.2032

i 1.2115

0.6721 i

0.6800 i
0.6876

0.6951

0.7023

0.7094

0.7164

0.t232

0.7299

0.7365

0.7430

O. 7494

0.7558

0.7621

0.7683

0.7744

0.7805

0.7866

0.7926

0.7985

0.8045

0.8103

0.8162

0.8219

0.8277

0.8334

0.8391

0.8447

0.8503

0.8559

0.8614

0.8669

0.8723

0.8?78

0.8832

0.8886

0.8993

0.g098

0.9203

0.9306

0.9409

0.9511

0.9612

0.9712

0.9811

0.9909

1.0007

1.0104 !

1.0200 I

1.0295 1

1.0390 1

L. 0484 ]

1.0577

1.0669

L .0761

1.0853

1.0943

L • L033

I.I122

1.121[

1.1299

1.1386

1.1472

1.1559

1.1664

1.1729

L.18L3

1.1897

1.1980

1.2063

1.2145

9O



THERI,IODY_IAMIC PROPERqJIES OF NOR_,_,L f[YDROGEI!

sound at 1 atmosphLr'e and 41!1.6'"" R (,11S7.10 _%/sec)

pFCSG<I'O, &b_:L

50 55

0.6783 o.6850
0.6861 0.6926

0.6936 0.7000
0.7010 0.7072

0.7081 0.7142

0.7151 0.7210

0.7220 0.7278

0.7287 0.7344

0.7353 0.7409

0.7418 0.7474

0.7483 0.7537

0.7546 0.?600

0.7609 0.7662

0.7671 0.7723

0.7733 0.7784

0.7794 0.7844

0.7854 0.7904

0.7914 0.7964

0.7974 0.8023

0.8033 0.8081

0.8091 0.8139

0.8150 0.8197

0.8208 0.8255

0.8265 0.8312

0.8322 0.8368

0.8379 0.8425

0.8435 0.8481

0.8491 0.8536

0.8547 0.8592

0.8602 0.8647

0.8657 0.8701

0.8712 0.8755

0.8766 0,8809

0.8820 0.8863

0.8874 0.8917

0.8927 0.8970

0.9034 0.9076

0.9189 0.9180

0.9243 0.9284

0.9346 0.9387

0.9448 0.9488

0.9550 0.9889

0.9650 0.9689

0.9750 0.9788

0.9849 0.9887

0.9947 0.9984

1.0044 1.0081

1.0140 1.0177

1.0236 1.0273

1.0381 1.0367

1.0426 1.0461

1.0519 1.0555

1.0612 1.0647

1.0706 1.0739

1.0796 1.0830

1.0887 1.0921

1.0977 L.lOll

1.1066 l.llO0

1.1155 1.1189

1.1244 L.L277

1.1331 1.1364

1.1418 1.1451

1.1505 1.1537

1.1590 1.1622

1.1675 1.1707

1.1760 1.1791

i.1844 1.1875

1.i927 1.1958

1.2010 1.2041

1.2093 1.2L23

_L.2175 1.2205

6O

0.6921

0.6995

0.7067

0.7137

0.7206

0.7273

0.7339

0.7404

0.7468

0.7531

0.?593

0.7655

0.7716

0.7777

0.7837

0.7897

0.7956

0.8014

0.80?3

0.8131

0.8188

0.8246

0.8302

0.8359

0.8615

0.8671

0.8527

0.8582

0.8637

0.8691

0.8746

0.8800

0.8853

0.8907

0.8960

0.9013

0.9118

0.9222

0.9325

0.9627

0.9528

0.9629

0.9728

0.9827

0.9925

1.0022

1.0119

1.0215

1.0810

1.0406

1.0497

1.0590

1.0683

1.0774

1.0865

1.0955

1.1045

1.1134

1.1222

1.1310

L.1397

1.1683

1.1569

L.1656

1.173g

1.1823

1.1906

1.1989

1.2071

1.2L53

L 1.2235

65

0.6996

0.7068

0.7138

0.7206

0.7273

0.7338

0.7602

0.7666

0.7528

0,7590

0.7652

0.7712

0.7772

0.7832

0,7891

0.7950

0.8008

0,8066

0.8124

0.8181

0.8238

0.8295

0.835!

0.8607

0.8463

0.8518

0.8573

0.8628

0.8683

0.8737

0.8791

0.8844

0.8898

0.8951

0.9003

0.9056

0,9161

0.9264

0.9367

0.9668

0.9569

0.9669

0.9768

0.9866

0.9964

1.0060

1.0157

1.0252

1.0346

1.0680

L.0534

L.0626

L.0718

1.0809

1.0900

1.0990

L.1079

L.1167

L.1255

1.1343

1.1429

1.1516

1.1601

1.1686

1.1770

1.1854

1.1937

1.2020

1.2102

1.2183

1.2265

7O

0.7076

0.7145

0.7712

0.7278

0.7343

0.7406

0.7468

0.7530

0.7591

0.7652

0.7712

0.7771

0.7830

0.7889

0.7947

0.8005

0.8062

0.8119

0.8176

0.8233

0.8289

0.8345

0.8401

0.8456

0.8512

0.8566

0.8621

0.8675

0.8729

0.8783

0.8836

0.8890

0.8963

0.8995

0.9048

0.9100

0.9204

0.930?

0.9408

0.9509

O.gblO

0.9109

0.9808

0,9905

1.0002

1.0099

1.0194

1.0289

1.0386

1.0677

1.0570

1.0662

1.0758

1.0866

1.0935

1.1026

?.lit3

1.1201

1.1289

1.1376

1.1462

1.1548

1.1633

1.1718

1.1802

1.1885

1.1966

1.2051

L.2L32

L.2214

1.2295

75

0.7161

0.722?

0.729]

0.7354

0.7416

0.7477

0.753?

0.7597

0.7656

0.7715

0.7776

0.7832

0.7889

0.7947

0.8004

0.8061

0.8117

0.8176

0.8230

0.8286

0.8361

0.8396

0.8651

0.8506

0.8561

0.8615

0.8669

0.8723

0.8776

0.8830

0.8883

0.8935

0.8988

0.9040

0.9092

0.9146

0.9267

0.9349

0.945!

0.9551

0.9651

0.9749

0.9848

0.9945

1.0061

1.0137

1.0282

1.0327

1.0421

1.0514

1.0606

1.0698

1.0789

1.0880

1.0970

1.1059

1.1147

1.1235

1.1323

L.L609

1.1495

1.1581

L.1666

L.1750

L.1834

1.1917

1.1999

1.2081

1.2183

1.2244

1--2325

8O

0.7250

0.7J12

0.7J73

0.7433

0.7692

0.7551

0.7609

0,7667

0.7T2_

0.T781

0.1838

0.7894

0.7951

0.8007

D.8063

0.8118

0.8176

0.8Z29

0.8284

0.8339

0.8394

0.8649

0.8503

0.8557

0.8611

0.8665

0.8718

0.8771

0.8824

0.8877

0.8930

0.8982

0.9034

0.9086

0.9137

0.9189

0.9291

0.9393

0.9493

0.95g)

0.9692

0.9]90

0.9888

0.9985

1.0081

1.0178

I.OZ7L

L.0365

1.0458

L.0551

1.0643

1.0?36

1.0825

1.0915

L.LO05

L.L093

1.1182

1.1269

1.1356

1.1443

1.1528

1.1614

1.1698

I.I782

1.1865

1.1948

1.2031

1.2L12

1.2194

L.2274

1.2_55

85

0.7364

0.7403

0.7460

0.7516

0.7572

0.7628

0.7683

0.??39

0.7794

0.7849

0.7904

0.7959
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0.70[3 0,/019

0.6982 0.698/

0.6983 0.695/

0.6927 0.6930

0,6903 0.6905

0.688I 0.6o83

0.686[ 0.6863

0.6843 0.6846

0.682/ 0.6827

0.6812 0.68[2

0.6799 0.6/98

0.67_7 0.6786

0.6776 0.6178

0.6766 0.6/65

0.6757 0.6/56

0,6749 0.6/68

0.6743 0.6/&t

0.6737 O.U/_8

0.6731 0.6129

0.6727 0.6/25

0.672t 0.612[

0.6720 0.6/I 1

0.67|7 0.6/1%

0.6715 O.6/lZ

0.6713 0.6110

0.671l 0.6/08

0.6710 0.6/0/

0.6709 0.6/06

0.6708 0.610:,

0.6706 O.olJ_

0.6706 0.610_

0.6706 O.61D_

0.6707 0.6/0_

0.6708 0.6705

0.67[0 ]._,fO6

0.67t2 v.6/09

0.67[5 F.6111

0.6718 (_.6718

0.6722 0._118

0.6725 _.I, 12[

0.6/29 0.5125

0.6732 0.0/29

0.6736 0.6/32

0.6740 0.6/$6

0.6763 0.6139

0,6746 0.6/43

0.6?69 0.6746

0.6752 0.6148

0.6755 0.6151

0.6757 0.6754

0.6760 0.6756

0.6762 0.6758

0.6764 0.5/61

0.6766 0.6163

0.6768 0.6/65

0.6770 0.0167

0.6772 i 0.6168
0.0774 ; 0.6770

0,6775 0.617l

0.6777 i 0.671$

0.6778 i 0.6/14

0.6779 0.6776

0.6780 0.6717

0.6781 0.6/78

0./228

0.7182

0.7138

0.1097

0.7059

0.7023

0.5991

0.6960

0.693_

0.6907

0.6884

0.6864

0.6865

0.6827

0.6812

0.6798

0.5788

0.8714

0.6763

0.6756

0.6746

0.6739

0.67_3

0.6727

0.6722

0.67[8

0.67L5

0.6712

0.6710

0.6707

0.6706

0.6704

0.6703

0.0702

0.6700

0.6699

0.6699

0.6700

0.6701

0.6703

0.6/05

0.6708

0.67LI

0.6714

0.6118

0.6721

0.6725

0.6729

0.6732

0.6735

0.0739

0.6742

0.6745

0.6767

0.6750

0.6752

0.6755

0.6151

0.6759

0.6761

0.6763

0.6765

0.6766

0.6768

0.6769

0.6171

0.6/72

0.6773

0.67?4

9O

0.7340

0.728/

0.72_7

0.7190

0.7145

0.7103

0.7064

0.7028

0.6994

0.8963

0.6938

0.6909

0.6886

0.6866

0.6845

0.6827

0.68[2

0.6787

0.6784

0.6773

0.6762

0,6783

0,67_4

0.673/

0.673[

0.8725

0.6720

0.6716

0.6712

0.6709

0.67O7

0.670_

0.6703

0.6701

0.6699

0.6698

0.6697

0.6696

0.6696

0.6696

0.6697

0,6699

0.6701

0.670_

0.6707

0.6710

0.6714

0.6717

0.6721

0.6725

0.6728

0.6732

0.6735

0.6738

0.6741

0.6744

0.6746

0.6749

0.6751

0.6753

0.6?55

0.6757

0.6759

0.6761

O.6763

0,6764

0,6766

0.6767

0.6768

0.6770

0.677[

95

0.7350

0.7297

0./266

3.?19/

0.7152

0.7109

0.7069

0.1032

0.6997

0.6966

3.69t7

0.69|I

0.6887

0.6865

0.68_5

0.6827

0,681l

0.6796

0.6783

0.6771

0.6760

0.6/51

0.6742

0.6735

0.6728

0.6722

0.67[7

0.6/[3

0.6709

0.67O6

0.6704

0.6701

0.6699

0,6698

0.6696

0.6698

0.6693

0.6692

0.6692

0.6693

0.6696

0.6696

0.6698

0.6/00

0.6703

0.6707

0.67L0

0,67[6

0.6717

0.6721

0.6724

0.6728

0.67JI

0.6734

0.6/37

0.6760

0,6762

0,6765

0.6747

0.6749

0.6752

0.67_4

0.6755

0.6757

0.6759

0.6761

O.6?62

0.6?63

0.6765

0.6766

0.676/

Loo

0.7_60

0.7J06

0./254

3.7204

0.7158

0.7l[_

0.7073

0,7035

0.7000

0.6968

3.6939

0,6912

0.6887

0.6865

O.6845

0.6877

0.6810

0.6795

9.6782

0.6770

0.6769

0.6769

0.6760

0.6/3_

0.6726

0.6710

0.6715

0.6710

0,6706

0.6703

0.670[

0-6698 i

o.66_6 1
0.6694 l

0.6693

0.6692

0"6690 i0.6689

0.6688 i
0.6689

0.66901

0.669Z 1

o.6694 1
0.6697

0.66991

0.6703

0.6706 i
0.6710

0.671_

0.6717

0.6721

0.6724

0.6/27

0.6?30

0,6733

0.67J6

0.6/39

0.6761

0.67_3

0.6746

O.6748

0.6750

0.6752

0.6/54

0.6755

i

0.6757!

o.6/b8 I
O.676O I

0,676[ I

0.6762]0.6764
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175

[8O

[85

[90

195

200

2O5

210

215

220

225

230

235

24O

245

250

255

260

265

270

275

280

285

290

295

300

3O5

310

3].5

]20

325

33O

335

)40

348

350

380

370

380

390

4OO

410

420

63O

440

450

460

470

480

490

800

510

52O

530

54O

550

560

5?0

58O

590

800

810

620

630

640

650

660

670

680

690

?00

0

0.5647

0.5717

0.5785

0.5851

0.59[6

0.5979

0.604l

0.6101

0.6[61

0.6221

0.6279

0.6338

0.6396

0.b453

0.6511

0.6868

0.6625

0.0682

0.6739

0.6796

0.0853

0.6910

0.6906

0.7023

0.7079

0.7134

0,7189

0.7244

0.?298

0.7354

0.7410

0.7466

0.7522

0.7577

0.7632

0.7687

0.?795

0.7902

0.8007

0.81[2

0.82[6

0.83[8

0.8420

0.8521

0.8620

0.8719

0.8818

0.8915

0.9012

0.9[09

0,9205

0.9300

0.9395

0.9489

0.9582

0.9674

0.9764

0.9854

0.9943

L.O03l

l.OlL9

1.0205

1.0291

1.0376

]..0460

1.0564

1.0627

1.0709

1.079[

1.0872

I;0952

5

0.5848

0.5719

0.5788

0.5856

0.5921

0.5985

0.6048

0.6109

0.6170

0.6230

0.6289

0.6348

0.6407

0.6465

0.6523

0.6580

0.6638

0.6695

0.6753

0.6810

0.6867

0.6924

0.6981

0.7037

0.7093

0.7149

0.7205

0.7259

0.7314

0.7370

0.?426

0.7482

0.7538

0.7593

0.7648

0.7703

0./811

0.7918

0.8024

0.8129

0.8233

0.8336

0.8437

0.8538

0.8638

0.8737

0.8835

0.89]3

0.9030

0.9127

0.9222

0.93[8

0.9413

0.9507

0.9600

0.9691

0.9782

0.9871

0.9960

1.0048

1.0136

1.0222

1.0308

1.0393

1.0477

[.0561

1.0644

1.0726

[.0807

1.0888

1.0968

10

0.5649

0.5722

0.5792

0.5861

0.5927

0.5992

0.6056

0.6118

0.6180

0.6240

0.6300

0.6360

0.6418

0.6477

0.6535

0.65g3

0.6651

0,6709

0,6766

0.6824

0.6881

0,6939

0.6996

0.7052

0.7109

0.7165

0.7220

0.7275

0.7329

0.7386

0.7442

0.7498

0.7554

0.7610

0.7665

0.7720

0.7828

0.7935

0.8042

0.8146

0.8280

0.8353

0.8455

0.8555

0.8655

0.8756

0.8853

0.8950

0.9047

0.9144

0.9240

0.9335

0.9430

0.9524

0.9617

0.9708

0.9799

0.9888

0.9977

1.0065

1.0153

1.0239

1.0325

1.0410

1.0494

1.0577

1.0660

1.0742

1.0823

1.0904

1.0984

TABLE Vt. - Cont_nueJ.

(b) ]{atlo cf nozzi_-th'Joat velocity t'o speed cf

0.8682 0.5856 I 0.5661 _ 0_668
0.5726 i 0.573[ I 0.5738 _ 0._,46
0.5798 i 0.5804 I 0.5812 i 0.5821
0.5867 0.5875 I 0.5883 ' 0.5693

[

0.5935 0.5943 I 0.5953 0.5963
[

0.6001 0.60[0 I 0.6020 0.6011
0.6065 0.6075 ' 0.6086 0.6098

0.6128 0.6139 0.6150 0.6163

0.6312

0.6371

0.6431

0.6490

0.6548

0.6607

0.6665

0.6723

0.6781

0.6838

0.6896

0.6956

0.7011

0.7068

0.7126

0.7180

0.7236

0.7291

0.7346

0.7602

0.7459

0.7515

0.7571

0.7626

0.7682

0.7737

0.7865

0.7953

0.8059

0.8166

0.8268

0.8370

0.8472

0.8573

0.8673

0.87?2

0.8870

0.8968

0.9065

0.9162

0.9257

0.9353

0.9447

0.9542

0.9634

0.9726

0.9816

0.9906

0.9994

1.0082

1.0170

1.0256

L.0342

1.0426

1.0511

1.0594

1.0677

1.0759

1.0840

1.0921

[.I000

0.6190 0.6201

0.6251 0.6263

0.6324

0.6384

0.6644

0.6503

0.6562

0.8621

0.6679

0.6?37

0.6795

0.6853

0.691[

0.6969

0.7026

0.7083

0.7140

0.7196

0.7252

0.730?

0.7362

0.7418

0.7475

0.7532

0.7588

0.7643

0.7699

0.7754

0.7862

0.7970

0.8076

0.8181

0.8285

0.8388

0.8490

0.859].

0.8691

0.8790

0.8888

0.8986

0.9083

0.9179

0.9275

0.93?0

0.9465

0.9559

0.9652

0.9743

0.9833

0.9923

1.0012

l.OlO0

1.0187

1.0273

1.0359

i 1.0443
1.0527

1.06[I

1.0693

i 1.0775

1.0856

1.0937

1.1017

0.6213 0.8226

0.6275 0.6289

0.6337 0.6350

0.6397 0.6611

0.6457 0.6472

0.6517 0.6532

0.6576 0.6591

0.6635 0.6650

0.6694 0.6?09

0.6752 0.6768

0.6811 0.6826

0,6889 0.6885

0,6927 0.6963

0,6985 0.?00|

0.7042 0.7058

0.7099 0.71L6

0.7156 0.7173

0.7213 0.7229

0.7269 0.7285

0.7324 0.7341

0.?3f9 0.7396

0.7435 0.7452

0,7492 0.7609

0.7548 0.7566

0.7605 0.7622

0,7660 0.7678

0.7716 0.7733

0.7771 0.7?88

0.7880 0.7897

0.7987 0.8005

0.8094 0.8111

0.8199 0.8217

0.8303

0.8406

0.8507

0.8608

0.8708

0.8807

0.8906

0.9003

0.9100

0.9197

0.9293

0.9388

0.9482

0.9576

0.9669

0.9760

0.9851

0.9940

1.0029

[.0117

1.0204

1.0290

1.0375

1.0660

1.0544

1.0627

L.07lO

1.0792

1.0873

]..0953

1.1033

0.8321

0.8423

0.8525

0.8626

0.8126

0.8825

0.8923

0.9021

0.9118

0.9214

0.9310

0.9405

0.9_00

0.9594

0.968?

0,9?78

0.9868

0.9957

1.0046

1.0134

1.0221

1.0307

[.0392

]..04/7

i.0561 1.0578

1.0646 1.066l

1.0726 1.0743

1.0808 1.0825

]..0_89 1.0906

]..0970 1.0986

1.1049 j 1.1066

35 40

0.5676 0.5685

0.5754 0.5765 i

0.5830 0.5841

0.5904 0.5915

0.5975 0.5987

0.6043

0.6110

0.6176

0.6056 l

o.612_ I
0.6190 1

0.6240 0.6254 1

0.6303 0.6317 1

0.6365 0.6380 I

0.6426 0.6441 I

0.6487 0.6502 I
0.6547 0.6562 I

0.6606 0.6622 !

0.6666 0.6682

0.6725 0.674[

0.6784 0.6800

0.6842 0.6859

0.6901 0.6917

0.6959 0.6976

0.70[7 0.7034

0.7075 0,7092

0.7].32 0.7L69

0.7190 0.7207 i

0.7246 0.7263

0.7302 0.7320

0.7358 0.7375

0.74L3 0.7431

0.7469 0.7487

0.7526 0.7544

0.7583 0.7601

0.7639 0.7657

0.7695 0.77[3

0.7751 0.7768

0.7806 0.7826

0.7915 0.7933

0.8023 0.8041

0.8129 0.8147

0.8234 0.8252

0.8338 0.8356

0.8661 0.8459

0.8543 0.8561

0.8664 0.8662

0.8744 0.8762

0.8843 0.8861

0.896l 0.8959

0.9039 0.9057

0.9136 0.9[54

0.9232 0.9250

0.9328 0,9346

0.9423 0.9461

0.9518 0.9535

0.9611 0.9629

0.9704 0.9722

0.9795 0.9813

0.9885 0.9903

0.9975 0.9992

1.0063 1.0081

1.0151 1.0168

1.0238 1.0255

1.0324 1.034].

1.0409 [.0426

1.0494 1.05].I

1.0596

[.0677

1.0760

1.0841

1.0922

1.1002

1.1082

Plenum

45

0.5695

0.5776

0.5853

0.5928

0.6001

0.6071

0.6138

0.6205

0.6289

0.6333

0.6396

0.6457

0.6518

0.6579

0.6639

0.6699

0.6?58

0.6817

0.6876

0.6935

0.6993

0.7051

0.7109

0.7167

0.7226

0.7281

0.7337

0.7393

0.7468

0.7504

0,7562

0.7618

0.7675

0.7731

O.7788

O.7842

0.7951

0.8059

0.8185

D.8271

0.8375

0.84?7

0.8579

0.8680

0.8780

0.8879

0,8977

0.9075

0.g[72

0.9268

0.9363

0.g458

0.9553

0.9647

0.9739

0.9830

0.9920

[.000g

1.0098

[.Old5

1.0272

1.0358

1.0443

1.0528

1.0611 I

[.0696 I

1.0776 l

1.0858 I

1.0939 I

1.1019 I

1. i_982
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0.5707 0.8720

0.8788 0.5802

0.8861 0.5881

0.8942 0-5957

0&6015 0.6031

0.6086 0.6101

0.6154 0.6170

0.6220 0.6237

0.6285 0.6302

0.6349 0.6366

0.6412 0.6629

0.6474 0.6491

0.6535 0.655]

0.6596 0.6613

0.6656 0.6614

0.6?[6 0.6133

0.6775 0.6?93

0.6834 0.6852

0.689] 0.6911

0.6952 0.6970

0.1011 0.7029

0.?069 0.7087

0.7127 0.7145

0.7185 0.?203

0.1242 0.7260

0.7299 0.7317

0.T355 0.7374

0.7411 0.7430

0.7466 0.7485

0.7522 0.7540

0.7580 0.7598

0.7636 0.7655

0.7693 0.7711

0.7?49 0.7767

0.7805 0.7823

0.?860 0.7878

0.7969 0,7988

0.8077 0.8095

0.8184 0.8202

0,8289 0.8307

0.8393 0.8411

0.8496 0.8514

0.8598 0.8616

0.8698 0.87[7

0.8798 0.8816

0.8897 0.8915

0.8995 0,90[]

0.9093 0.9111

0.9190 0.9208

0.9286 0.9304

0.9381 0.9399

0.9476 0.9494

0.957l 0.9588

0.9664 0.9682

0.9?57 0.9774

0.9848 0.9865

0.9938 0.9958

1.0027 1.0044

1.0115 1.0132

1.0203 1.0220

[.0289 [.0306

1.0375 1.0392

1.0460 1.0477

1.0544 1.0561

1.0628 1.0645

1.0711 1.0728

1.0793 1.0810

1.0874 1.0891

1.0955 1.097l

1.1035 1.105l

l. LlL4 1.1131

6O

0.57]4

0.5817

0.5897

0.5973

0.6047

0.5118

0.6187

0.6254

0.6320

0.6]84

0.6447

0.6509

0.6571

0.663l

0.6692

0.6752

0.6811

0.6871

0.6930

0.5989

0.7047

0./105

0.7164

0.7221

0.7279

0.73]6

0.7302

0.7448

0.7503

0. t559

0.7616

0.7673

0.7730

0.7786

0.7841

0.7897

0.8006

0.8114

0.8220

0.8326

0.8430

0.8532

0.8634

0.8735

0.8835

0.8934

0.9032

0.9129

0.9226

0.9322

0.0417

0.9512

0.9606

0.9700

0.9792

0.9883

0.9973

1.0062

1.0150

1.0237

1.0326

1.0409

1.0494

1.0578

1.0662

1.0744

1 0826

1.0907

1.0988

l 1068

1.1147

• i: ']_ (;:9 . 1J It.//: ! ':

65

0.5?50

0.5833

0.5913

0.5990

0.6065

0.6136

0.6205

0.6273

0.6338

0.6403

0.6466

0.6528

0.6589

0.6650

0.6711

0.67?0

0.6830

0.6889

0.6948

0.7007

0. 7066

0.7/24

0.7182

O. 7240

0.7298

0.7354

0.74ll

o. 7467

O. 7522

O. 1578

0.7635

0,7692

0.7749

0. 7805

0.7860

0.7915

0.8025

0.813_

0.8239

0.8344

0.8448

0.8551

0.8653

0.8753

0.8853

0.8952

0.9050

0.9147

0.9244

0.9340

0.9435

0.9530

0.9624

0.9717

0.9810

0 • 9900

0.9990

[.0079

[.0167

[ .0254

1.0341

[ .0426

1.0511

[.0595

1.0678

1.076[

L .0843

1.0924

I • 1004

I. 1084

1.1[63

7O

0.5167

0.5850

0.5931

0.6008

0.6083

0.6155

0.6224

0.6292

0.6358

0.6422

0.6485

0.6847

0.6609

0.6670

0.6730

0.6790

0.6849

0.6909

0.6968

0.7027

0.?085

0.7143

0.7202

0.7259

0.7317

0.7374

0.7430

0.7486

0.7641

0.759/

0.7654

0.77l[

0.7768

0.7824

0,7879

0.7934

0.8044

0.8151

o.a258

(3.8363

0.8467

0.8870

0.8671

0.8172

0.8872

0,8970

0.9068

0.9165

0.9262

0.9]58

0.945}

0.9548

0.9642

0.9735

0.9821

0.9918

1.0008

1.0096

1.0184

1.0272

1.0358

1.044]

1.0528

1.0612

1.0695

1.0778

I.0860

1.0941

[.L021

1.1100

1.1179

75

0.5785

0.5868

0.5949

0.6028

0.6102

0.6175

0.6244

0.6312

0.63?8

0.644Z

0.6605

0.6567

0.6629

0.6689

0.6?50

0.6810

0.6869

0.6928

0.6987

0.7046

0.7105

0.7163

0.7221

0.7279

0.7336

0.7393

0.7450

0.7505

0.756l

0.7616

0.7673

0.7730

0.7787

0.7843

0.78_8

0.7954

0.8063

0.8170

0.8277

0.8]82

0.8486

0.8588

0.8690

0.8791

0.8890

0,8989

0.9087

0.9184

0.928O

0.9376

0.9471

0.9566

0.9660

0.9753

0.9845

0.9936

1.0025

1.0114

1.0202

1.0289

1.0375

1.0461

1.0545

1.0629

1.0712

1.0795

1.0876

1.0957

1.[017

1.1LL7

1.1[96

8O

0.5804

0.5888

0.5969

0.6048

0.6123

0.6198

0.6268

0.6_33

0.6398

0.646]

0.6_26

0.6588

0.6649

0.6710

0.6//0

0.6830

0.6889

0.6949

0.7007

0.7066

0.7125

0.7185

0.1L41

0.7299

0.?356

0.7413

0.7469

0.7575

0.7580

0.1635

0.7693

0.7150

0.7806

0.7862

0.7918

0.7975

0.808!

0.81}0

0.8z96

0.8401

0.8505

0.860?

[). 8709

.8809

0.8909

C. ;007

0.9105

0.9702

0.9298

0.9J94

0.9489

0.9884

0.9678

0.9771

0.9863

0.9983

1.004J

l.Ot31

1.0219

1.0306

1.0397

1.0478

1.0562

1.0646

1.0129

1.0811

L.0893

L.0974

1.1054

1.1113

L.LZL2
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0.5824

0.5908

0.5990

0.6069

0.6L44

0.6217

0.6287

0.6354

0.6420

0.6484

0.6547

0.6609

0.6670

0.6131

0.679l

0.5851

0.6910

0.6969

0.7028

0.7087

0.7145

0.7203

0.7261

0.1119

0.73?6

0.7433

0.7489

0.7545

0.7600

0.7655

0.7712

0.7769

0.7826

0.7882

0.7937

0.7992

0.8101

0.8209

0.8315

0.8420

0.8524

0.8626

0.8728

0.8828

0.8927

0.9026

0.9124

0.9221

0.9317

0.9612

0.9507

0.9602

0.9696

0.9789

0.9881

0.997[

1.0060

L.0149

1.0237

L.0324

1.0410

1.0495

1.0579

1.0663

1.0746

1.0828

1.0910

1.0990

1.1070

l.lt50

1.1228

9O

0.5846

0.5930

0.6012

0.6091

0.6L67

0.6239

0.6309

0.6376

0.6442

0.6506

0.6569

0.663[

0.6692

0.6?53

0.6813

0.6872

0._931

0.6990

0.7049

0.7108

0.7166

0.1224

0.7282

0.73]9

0.7396

0.745]

0.7509

0.7565

0.7620

0.7615

0.7732

0.7789

0.7846

0.7901

0.7957

0.8012

0.8121

0.8228

0.8335

0.8439

0.8543

0.8645

0.874?

0.884?

0.8946

0.9045

0.9142

0.9239

0.9335

0.9431

0.9526

0.9620

0.9714

0.9807

0.9899

0*9989

1.0078

1.0L67

1.0254

1.0341

1.0427

1.0512

1.0596

1.0680

1.0763

1.0845

1.0926

L.LOO7

1.1087

1.1166

1.1245

95

0.5869

3.5953

0.6035

0.6114

0.6190

0.6262

0.6332

0.6400

0.6465

0.6529

0.6592

0.6654

0.6715

0.6775

0.6835

0.6894

0.6953

0.7012

0./0/0

0.7129

0.7187

0.7245

0.7303

0.7360

0.74L7

0.?4?4

0.7530

0.7586

0,7641

0.7695

0.7753

0.?809

0.7866

0.792l

0.79?7

0.80_2

0.8141

0.8248

0.8354

0.8489

0.8562

0.8664

0.8?66

0.8866

0.89_5

0.9063

0.9161

0.9288

0.9384

0.9449

0.9544

0.9638

0.9732

0.9825

0.99[6

1.0007

1.00_6

1.0184

1.0272

1.0358

1.0444

1.0529

L.06L)

1.0697

1.0780

1.0862

1.0943

1.L023

1.110]

L.IL82

1.1261

IOO

0.5693

0.5977

0.6059

0.6L38

0.6214

0.6287

0.6356

0.6424

0.6489

0.6553

0,6615

0.6677

0.6737

0.6798

O.685?

0.6916

0.69?5

0.7034

0.7092

0.7151

0.?209

0.7766

0.7324

0.7381

0.7438

0.7495

0.7551

0.7606

0.1661

0.7716

0.7773

0.7830

0.?886

0.7942

0,7997

0.8052

0,8161

3,8268

0.8374

0._478

0._582

0,8684

9.8785

0.8885

0.8984

0.9082

0.9179

0.92?6

0.9372

0.9467

0.9562

0.9656

0.9780

0.9843

0.9934

L.0024

1.0113

1.0202

1.0289

1.0376

1.0461

1.0546

1.0631

1.0714

1.0797

1.0678

1.0960

1.1040

1.1120

1.[199

1.1277

95



T_EVI.

I temperature, i

t o R 0 l 0170 0.4993 0.6964

I 180 I 0.50341 0.5008
I ,90 I 0.50,91 0.5083
I 2oo 0.51.231 0.5099

220 0.6204 0.5[82
I 240 0.5269 0.5250

260 0.5317 0.5299

280 0.5349 0.5332

300

320

340

360

380

400

420

4,4O

460

480

500

520

580

560

580

600

820

640

660

680

700

0.5370

0.5384

0.5386

0.5387

0.5386

0.5384

0.5380

0.5375

0.5369

0.5362

0.5354

0.5346

0.5338

0.5331

0.5326

0.5320

0.5316

0.53l[

0.5308

0.5304

0.5302

0.5354

0.5369

0.5372

0.5373

0.5373

0.5371

0.5368

0.5363

0.5358

0.5351

0.5344

0.5336

0.5328

0.5322

0.5316

0.53[2

0.5307

0.5303

0.5300

0.5297

0.5294

- Continued. TiLE/_,'IODYNA_LIC PROPF_TIES OF PARA-f[YDROGE/_

(c) Crlt.ical pressure ratio

Plenum pressure, atm

4o 4 }
0.4868 0.4832 0.4795
0.6917 l 0.4883 0.66_8

0.6966 0.4934 0.490l

0.5016 I 0.4986 0.4954

0.5109 0.5083 0._055
0.5185 0.5162 0.5138

0.5241 0.5220 0.5199

0.5279 0.5260 0.5Z4[

0.5304

0.5323

0.5328

0.8332

0.5333

0.5333

0.5_31

0.53Z8

0.5324

0.5319

0.5312

0.5306

0.5299

0.5294

0.5289

0.5285

0.5282

0.5279

0.5276

0.5274

0.5272

0.5287 0._270

0.5307 0.5291

0.5314 0.5298

0.53[8 0.5303

0.5320 0.5306

0.5320 0._307

0.53t9 0,530?

0.5316 0.5305

0.5313 0.530|

0.5308 0.529?

0.5302 0.5292

0.5296 0.6286

0.5289 0.5219

0.5285 0.5275

0.5280 0.527[

0.5277 0.5_68

0.5273 i 0.%Z65
0.5271 [ 0.5162

0.5288 0.5260

_:_2 o.5_57

20] 3oi

0.4979] o49_90.5026 0.4991

0.5073 | 0.5045

0.5159 | 0.5135

0.5229 | 0.5207

0.5280 [ 0.526[
0.53i5 0.5297

0.5338 0.5321

0.5354 0.5339

0.5358 0.5363

0.5360 0.5346

0.5360 0.5347

0.5358 0.5346

0.5356 0.5343

0.5352 0.5360

0.5346 0.5335

0.5340 0.5329

0.5333 0.5323

0.5326 0.5316

0.5318 0.5309

0.5313 0.5303

0.530? 0.5298

0.5303 0.5294

0.5299 0.5290

0.5295 0.5287

0.5292 0.5284

0.5289 0.5281

0.5287 0.5279

70

0.4755

0.4812

0.4866

0.4921

0.5027

0.5113

0.5177

0.5222

0.5252

0.5275

0.5283

0.5289

0.5293

0.5296

0.5294

0.5293

0.5290

0.5286

0.528l

0.52?6

0.5210

0.5266

0.5262

0.5259

0.5257

0.5254

0.5252

0.5251

0.5250

(d) Crit_cai temperature ratio

80

0.4714

0.6774

0.4829

0.4887

0._991

0.5088

0.5155

0.5202

0.5234

0.5258

0.5268

0.5274

0.5279

0.5281

0.5282

0.528!

0.5279

0.5275

0.5271

0.5266

0.5260

0.5257

0.5253

0.525I

0.5248

0.5246

0.5245

I 0.5243

] o:52_,

90 I 1o0

o.4_it o._6z9

0.47_4 0._694

0.4192 0.4753

i
l 0.4852 0.48t5

_.6901 0.4936

0.50bl 0.5036

0.5133 0.5110

: 0.5182 0.5161

0.5216 0.5197

0.5262 0.5225

0.5252 0.5236

0.52_0 0.5245

0.52_5 0.5251

0.5208 0.5255

0.5209 0.5257

0.5209 0.5257

U.5267 0.5256

0.5264 0.5254

0.5260 0.5250

0.52_6 0.5246

0.525[ 0.5261

0.5247 0.5238

0.52_6 0.5235i

0.5242 0.5233

0.5240 : 0.5232 i

0.5238 I 0.5230 I
0.52_7 0.5229

0.5256 0.5228

_52_ [ ?:5228j

Plenum

t <HX]Der_q t tl_e,

:R

170

180

190

20o

220

240

260

280

300

320

340

360

380

400

420

440

460

480

500

520

540

i 580

! 580

i

600

620

640

i 660
¢,80

L '°t

o

0.1884

0.7973

0.8060

0.8143

0.8285

0.8391

0.8463

0.8510

0.8535

0.8546

0.8546

0.8542

0.8535

0.8526

0.8511

0.8_96

0.8479

0.8463

0.8447

0.8432

0.8419

0.8408

0.8398

0.8389

0.8382

0.8375

0.8310

0.8365

0,8361

tO

0.7859

0.7947

0.80{8

0.8118

0.8266

0.83_3

0.8648

0.8497

0.8523

0.8535

0.8536

0.8533

0.8527

0.8517

0.8504

0.8489

0.8473

0.8457

0.84_2

0.8427

0.841_

0.8403

0.8394

0.8385

0.83?8

0.8372

0.8366

0.8362

0.8358

20 ] 30
0.7835 0.1813

0.8095 l 0.8072

0.82_3 0.8223

0.8355 0.8338

0.8433 0.8618

0.8483 0.867l

0.8512 0.8501

0.8525 0.8515

0.8527 0.8518

0.8525 0.8516

0.8519 0.8511

0.8509 0.8502

0.8497 0.8491

0.8_83 0.8477

0.8667 0.8462

0.8452 0.B446

0.8_36 0.8_31

0.8422 0.8417

0.8410 0.8405

0.8399 0.8395

0.8390 0.8386

0.8381 0.8377
0.8376 0.8371 i

0.8368 0.8365 i
0.8363 0.8360

0.8359 0.8356

0.8355 0.8352

Plenum pmessure, atm

0.779l 0.7771

0.1877 0.1855

0.7966 0.7962

0.8050 0.8029

0.8204 0.8185

0.8322 0.8306

0.8404 0.8390

0.8458 0.8447

0.8490 0.8479

0.8505 0.8496

0.8509 0.8500

0.8508 0.8500

0.8504 0.8496

0.8495

0.8484

0.847t

0.8496

0.8441

0.8_26

0.8413

0.8_00

0.8390

0.838_

0.8374

0.836?

0.8361

0.8366

0.8352

0.8369

6O

0.7752

0.7834

0.792[

0.8008

0.8[67

0.8Z90

0.8_17

0.8435

0.8469

0._487

0.8492

0.8493

0.848_

0.8488 0._482

0.8418 0.8472

0.8465 U,8459

0.8450 0.8_45

0.8436 0.8430

0.8421 0.84t6

0.8408 0.860;

0.8396 0.8392

0.8386 0.838_

0.8377 0.8373

0.8370 0.8366

0.8363 0.8_60

0.8358 ! 0.8J54

0.8353 0._350
0.8349 i 0.8346

0.8346 J 0.8343

7O

0.7733

0.781_

0.7900

0.7988

0.8150

0.8276

0.8365

0.8424

0.8459

0.8478

0.8484

0.8485

0.8482

0.8475

0.8665

0.8453

0.8439

0.8425

0.8411

0.8399

0.8387

0.8378

0.8369

0.8362

0.8356

0.8351

0.8347

0.8343

0.8341

8O

0.1115

0.1795

0.7880

0.7969

0.8133

0.8261

0.8352

0.8413

0.8449

0.8469

0.8476

0.8478

0.8475

0.8469

0,8459

0.8467

0.8434

0.8420

0.8407

0.8394

0.8383

0.8374

0.8366

0.8359

0.8353

0.8368

0.83_4

0.8360

0.8338

l U
90

0.7699

0.7776

0.7861

0.7950

0.8lL6

0.8248

0.8361

0.8603

0.8640

0.8451

0.84_8

0.8470

0.84_8

0.8462

0.8_53

0.84Q2

0.8_29

0.8415

0.8402

0.8390

0.8379

0.8370

0.8362

0.8355

0.8349

0.8344

0.8360

0.8337

0.8335

iO0

0.?68_

0.?759

0.7862

0.793L

0.810l

0.8234

0.8329

0.8393

0.8431

0.8453

0.8461

0.8463

0.8462

0.8456

0.8448

0.8436

0.8424

0.8410

0.8397

0.8_85

0.8374

0.8366

0.8358

0.8351

0.8346

0.8341

0.8337

0.8336

0.8332

96



Plenum

terlp%

[?O

L80

Ig0

200

220

240

260

280

30O

320

_0

36O

380

400

420

64O

460

48O

500

520

5_0

56O

58O

60O

62O

640

660

I 68o
700

TABLE VI.

i-il°I iio
6332 0_3_4 I

iililli!iili
0.6285 0,62@9

0.6291 0.6304

0.6300 0.63[2

0.6303 0.63t5

0.6306 0.6318

0.631L 0.6322

0.6316 0.6326

0.6321 0.633[

0.6326 0.6336

0.6331 0.6341

0.63]6 0.6364

0.6338 0.6347

0.6340 0.6348

0.6340 0.6348

0.634[ 0.6348

0.634[ 0.6368

0.6342 0.6369

0.6342 0.6348

0.6342 0.6368

0.6341 0.6347

0.6341 0.6347 i

0.6361 0.6366 i

- Cont.Lnued

2O

0.6379

0.635a

0.6342

0.6329

0.63[6

0.631[

0.6312

0.6313

0.63[7

0.6328

0.6327

0.6329

0.6333

0.6336

0.6341

0.6345

0.6350

0.6353

0.6385

0.6356

0.6355

0.6356

0.6356

0.6355

0.6355

0.6356

0.6353

0.6353

0.6352

TPLEPJ<OD_rA>_IC PROPERTIES OF ?ARA I_'DR0]EII

(e) Critical density z_atio

Plenum pressure, atiii

0.6328

0.6327

0.6328

0.6331

0.6338

0.6339

0.6361

0.6364

0.6367

0.635[

0.6355

0.6359

0.6362

0.6363

0.6364

0.6363

0.6363

0.6363

0.6362

0.6361

0.6360

0.6359

0.6358

0.6357

0"69_0 l 0"6475 0.6516

0.64L4 0.6666 0.6_81

0.6392 0.6621 0.6652

0,6375 I 0.640[ 0.6629
0.6385 ! 0.6377 0.6600

0.6346

0.6364

0.6363

0.6345

0.635[

0.6352

0.6353

0.6355

0.6358

0.6361

0.6364

0.6368

0.63?0

0.63?2

0.63?2

0.63?[

0.63?0

0.63?0

0.6364

0.6368

0.6367

0.6365

0.6364

0.6363

0.6366 0.6J85

0.636[ 0.63?9

0.6359 0.6315

0.6360 0.63?4

0.6365 0.65T9

0.6366 0.63Tr

0.6365 0.6_??

0.6366 0.6J_7

0.63_8 0.63?9

0.63?[ 0.638i

0.6374 0.6J86

0.6377 0.6386

0.63?9 0.638_

0.6]80 0.6388

0.6380 0.638.

0.63?8 0.6386

0.63?7 0.6385

0.637? 0.6J83

0.6375 0.6382

0.6376 0.6381

0.6373 0.63?9

0.637l 0.63?7

0.63?0 0.63?6

0.6368 0.63?6

!
10

O.gs_g i
0.6519

0.6485

0.6459

0.6624

0.6406

0.6397

0.639[

0.6390

0.6]93

0.6390

0.6389

0.6389

0.6390

0.6391

0.6393

0.6395

0.639?

0.6397

0.6346

0.6393

0.6392

0.6390

0.6389

0.638?

0.6385

0.638]

0.638l

0.63?9

8O

0.6601

0.6560

0.6521

0.6690

0.6669

0.6428

0.6616

0.6408

0.6405

0.660?

0.6603

0.640[

0.6600

0.6600

0.6401

0.6603

0.5605

0.660b

0.6405

0.6403

0.6601

0.6399

0.6397

0.6395

0.6393

0.639[

0.6389

0.638?

0.6385

90

0.6668

0.6603

0.6559

0.6523

0.66?6

0.6450

0.66_6

0.6626

0.6_21

0.6622

0.6617

0.6413

0.6412

0.6411

0.6412

0.6613

0.6616

0.6414

0.6413

0.641[

0.6608

0.6606

0.6604

0.640£

0.6400

0.6397

0.6395

0.6393

0.6390

i

10o

0.6558

0.6506

0.66?4

0.6656

0.6444

0.663?

0.6636

0.6630

0,6&26

0.66£3

0,6622

0.6622

0.6622

D.6423

0.6423

0.66_2

0.66[9

0.64[6

0.66[4

0.66[1

0.6409

0.6406

0.6403

0.6401

0.6398

0.6396
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175

180

185

190

195

200

205

210

215

220

225

230

235

240

245
i

250
i

255

260

265

2?0

275

280

285

290

zg5

300

305

310

315

320

325

330

335

340

345

350

360

370

380

390

400

410

420

430

440

450

460

z,,TO

480

490

500

510

520

530

540

550

560

570

580

5gO

600

610

620

630

640

650

660

670

680

690

50

i.O000

1.0000

i.O000

1.0000

1.0000

1,0000

1.0000

1.0000

1.0000

1.0000

i,O000

1.0000

1.0000

l.O000

1.0000

1.0000

i,O000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

L.O000

1.0000

1.0000

1.0000

1.0000

1.00o0

1.0000

1.0000

1.0o00

1.0000

1.0000

L.O000

1.0000

1.0000

1.0000

1.0000

1.0000

[.0000

1.0000

l.O000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

l.O000

1.0000

l.O000

1.0000

1.0000

1.0000

l.O000

1.0000

1.0ooo
1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

L.O000

1.0000

?OOJ 1.0000

0.9984

0.9989

0.9994

0.9998

1.0002

1.0005

1.0008

1.0011

[.0013

[.0016

1.0017 [.0037 1.0059 1.0083

i.OOlg 1.0041 1.0066 1.o08g

1.0021 1.0044 1.0068 1.0095

1.0022 1.0046 1.0072 1.0100

1.0024 1.0049 1.0076 1.0104

1.0025 l.O051 1.0079 1.0108

[.0026 1.0053 1.0082 [.0112

1.0027 1.0055 1.0084 1.0115

[.0028 1.0057 1.0087 1.0118

1.0028 1.0058 1.0089 1.0121

1.0029 1.0059 1.0091 1.0123

1.0030 1.006[ 1.0092 1.0125

1.0030 1.0062 1.0094 1.0127

1.0031 1.0063 1.0095 1.0129

1.0031 1.0063 1.0096 1.0130

1.0032 1.0064 1.0097 1.0132

1.0032 1.0065 l.OOg8 1.0133

1.0032 1.0065 1.0099 1.0134

1.0033 1.0066 1.0100 1.0135

1.0033 1.0066 1.0100 1.0135

1.0033 1.0067 1.0101 [.0136

L.0033 1.0067 1.0101 1.0136

1.0033 1.0067 1.0102 1.0137

1.0013 1.0067 1.0102 1.0137

1.0036 1.0068 L.0102 1.0L37

1.0034 1.0068 1.0102 1.0137

1.0034 1.0068 1.0102 1.0137

1.0034 1.0068 1.0102 1.0137

1.0034 1.0068 1.0102 1.0137

1.0034 1.0067 1.0102 1.0136

1.0033 1.0067 1.0101 1.0135

1.0033 1.0067 1.0100 1.0135

1.0033 1.0066 1.0100 1.0136

1.0033 1.0066 l.OOgg 1.0133

[.0033 1.0065 1.0098 1.0131

1.0032 1.0065 1.0097 1.0130

1.0032 1.0064 1.0097 l.Ol2g

[.0032 1.0064 1.0096 1.0128

[.0031 1.0063 1.0095 1.0127

1.0031 1.0062 1.0096 1.0125

1.0031 1.0062 1.0093 1.0124

1.0030 1.0061 [.OOq2 1.0123

[.OOgl1.0030 1.0060 1.0121

1.0030 1.0060 1.0090 1.0iZO

1.0029 1.0059 1.0089 1.0119

1.0029 1.0058 1.0088 1.0117

1.0029 1.0058 1.0087 [.O[lb

1.0028 [.0057 1.0086 1.0116

1.0028 1.0056 1.0085 1.0113

[.0028 1.0056 1.0084 [.OIIZ

1.0028 1.0055 1.0083 1.0110

1.0027 1.0054 1.0082 1.0109

1.0027 1.0054 1.008l 1.0108

1.0027 1.0053 1.0080 L.0107

1.0079 1.01051.0026 1.0053

1.0026 1.0052 1.0078 I_ 1.0104

I.oo26 l.oo51 1.oo77 I 1.OLO3
1.0025 1.0051 i 1.0076 I 1.0102 i

1.0075 I

1.0025 1.0050 1.0074 1 1.0100 i1.0025 ;11"0050 1.0099

[.0026 _ [.0049 ] I. 0073 I 1.0098

to ] 15 2o I 25 l 3o

0.9973 | 0.9965 0.9963 / 0.9965 0.9971

0.9983 i 0.9980 0.9982 i 0.9987 0.9997
0.9992 0.9993 0.9998 ! 1.0007 1.0020

l. O000 1.0005 1.0013 1.0025 1.0041

1.0007 1.0015 1.0027 1.0042 1.0059

1.0013 1.0025 1.0039 1.0056 1.0076

1.0019 1.0033 1.0050 1.0069 l.OOgl

1.0024 1.0041 1.0059 1.0080 1.0104

1.0029 [.0047 1.0068 1.0091 1.0116

1.0033 1.0053 1.0076 1.0100 1.0127

1.0109 1.0137

1.0116 1.0145

1.0123 1.0153

1.0129 1.0160

1.0134 1.0166

1.0139 1.0172

1.0144 1.0177

1.0168 1.0181

1.0151 1.0185

1.0154 1,0189

1.0157 1.0192

1.0159 1.0194

1.0162 l.Oi97

1.0166 1.0199

1.0165 [.0201

1.0167 1.0£03

1.0168 1.0204

l. Olbg 1.0205

1.0110 1.0206

1.OITl 1.OZOf

l.O17l 1.0208

1.0172 1.0208

1.0172 1.0208

1.0173 1.0209

1.0173 1.0209

1.0173 1.0209

1.0173 1.0209

l. Ol?2 1.0208

1.0172 1.0207

1.0171 1.0206

1.0170 1.0Z05

1.0169 1.0203

1.0168 1.0202

1.0166 1.0200

1.0165 1.0198

1.0163 1.0197

1.0162 1.0195

1.0160 1.0193

1.0159 1.0191

1.0157 1.0189

1.0155 I.OIBT

1.0153 1.0185

t.0152 1,0182

1.0150 1.0180

1.0148 [.0178

[.0147 L.0176

1.0145 1.0176

1.0143 1.0172

1.0142 1.0170

1.0140 1.0168

1.0138 1.0166

1.0137 1.0164

1.0135 1.0162

1.0133 1.0160

1.0132 1.0158

1.0130 1.0156

1.012g 1.0155

L.0127 L.0L53

1.0126 1.0151

1.0124 1.0149

L.0123 1.0147

q'fO%l,]_ VI. - ::ol;L i nne::].

P] er_

35 _ 40 45 4

0.9981 i 0.9996 1.0016

I 1.0011 [.0028 1.0050

1.0037 1.0057 1.0081

1.0060 L.0082 1.0108

1.0081 1.0105 1.0132
1.0099 1.0125 1.0156

1.011b 1.0143 1.0174

L.OL3L l.OL60 L.0191

1,0144 1.0174 [.0207

L.0156 1.0L87 L.0221

[.0167

1.0176

1.0185

1.0193

1.0199

1.0206

1.0211

1.0216

1.0220

1.0226

1.0228

L.023[

1.0233

1.0236

1.0238

1.0239

1.0241

1.02_2

1.0263

1.0264

1.0264

1.0265

L.0245

1.0265

1.0245

1.0245

L.0245

1.0244

1.0243

1.0262

1.0260

1.0238

1.0236

1.0234

1.0232

1,0230

1.0228

1.0225

[.0223

L,0221

1.0218

1.0216

1.0213

1,0199 1.0233

1.0209 1.0246

1.0219 1.0256

1.0227 1.02631

1.0236 1.0271

1.02#1 1.0278

1.02_7 L.0284

1.0252 1.0290

1.0257 1.0295

1.0261 1.0299

1.0265 [.0303

1.0268 1.0306

1.0271 1.0309

1.0273 [.0311

1.0275 1.0313

1.0277 .0315

L.0278 .0317

1.0280 .03[8

1.028[ .0319

1.0281 .0320

1.0282 .0320

1.0282 .0320

1.0283 .0320

1.0283 1.0320

1.0283 1.0320

1.0282 1.0320

1.0282 1.0319

1.0281 1.0318

1.0279 1.0316

1.0278 1.0314

1.0276 1.0311

1.0273 1.0309

1.0271 1.0306

1.0269 1.0303

1.0266 1.0301

1.0266 L.0298

L.0261 L.0294

1.0258 1.0291

1,0255 1.0288

L,0253 1.0285

[,0250 [.0282

1.0247 1.0278

L.0244 1.0275

1.0211 1.0241 1.0272

[,0208 1.023q 1.0269

1.0206 1.0236 1.OZbb

1.0206 1.0233 1.0262

1.0201 1.0230 1.0259

L.DLq9 1.0227 1,0256

1.0196 1.0225 1.0253

1.0194 1.0222 1.0250

1.0192 1.0219 1.0247

1.0189 [.0217 1.0246

1.0187 1.0216 1.0261

1.0185 1.0211 1.0238}

1.0183 1.0209 i_ 1.02351

1.0180 1,0206 _ 1.0232!

1.0178 1.0204 I'0230ii
1.0176 1 1.0201 1.0227

I l. OIT4 i 1.0199 I L.0226
_____ ,,0i72 _ 1.019_I.0221
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comp_'ess:b_][tb' f'&ctpl _

prezs'IFo, 8t;_

50 551.0040 1.0068

| [.0076 1.0106

| 1.0108 [.0140

| 1.0137 l.Ol?O

i.0163 1.0197

1.0186 1.0221

1.0207 1.0243

1.0225 1.0262

1.0242 1.027g

1.0256 1.0294

1.027_ [.0308

1.0281 [.0320

1.0292 [.0331

1.0301 1.0341

1.0309 1.03#9

1.0316 1.0356

1.0323 1.0363

[.0329 1.0369

1.0334 1.0374

1.0338 1.0379

1.0342 [.0382

1.03#5 1.0386

1.0348 1.0389

1.0351 1.039J

1.0353 1.0393

1.0354 1.0395

1.0356 1.0396

1.0357 1.0397

1.0358 1.0398

[.0358 1.0398

1.0359 [.0398

1.0359 [.0398

[.03981.0359

1.0359 [.0398

}.0358 [.0397

L.0358 L.0397

1.0357 1.0395

1.0355 1.0393

1.0353 1.0390

1.0350 1.0387

[.0348 1.0384

[.0345 1.038[

i.0342 1.0377

1.0338 [.0373

1.0335 [.03?0

1.0332 1.0366

1.0328 1.0362

1.0324 1.0358

1.0321 1.0354

1.03[7 1.0350

1.0314 1.0346

[.0310 [.0342

1.0306 1.0338

1.0303 1.0334

1.0299 [.0330

1.0296 1.0326

[.0292 1.0322

1.0288 [.0318

1.0285 1.0314

[.03[01.0282

1.0278 [.0306

1.0275 1.0302

1.021[ [.0299

[.0268 1.0295

1.0265 1.0292

1.0262 1.0288

1.0258 1.0284

L.0255 1.0281

1.0252 1.0278

1.0249 1.0276

: [.0246 1.027[

6O

[.0100

1.0140

1.0175

1.0206

1.0234

1.0259

1.0282

1.0301

1.0319

1.0335

[.0349

L.03bL

L.0372

1.0382

1.0390

1.0398

1.0405

1.0411

1.0416

1.0420

1.0424

1.0427

1.0430

65

1.0137

[.0178

1.0214

1.0246

1.0275

[.0300

1.0323

1.0343

1.036[

1.0377

L.0391

1.0404

[.0#15

1.0425

1.0434

1.0441

1.0448

1.0454

1.0459

1.0463

[.0466

[.0470

1.0472

[.0432 1.0474

1.0434 1.0476

[.0435 1.0477

1.0437 1.0478

1.0437 1.0479

1.0438 1.0479

1.0438 [.0479

1.0438 [.0479

1.0438 [.0479

1.0438 1.0478

1.0437 [.0477

1.0436 1.0476

1.0436 1.0475

[.0433 1.0472

1.0431 1.0469

1.0428 1.0466

1.0424 1.0462

1.0421 1.0458

1.0417 [.0453

1.0413 [.0449

1.0409 1.0444

1.0405 1.0440

1.0400 1.0435

[,0396 [.0430

1.0391 1.0425

1.0387 1.0420

[.0382 1.0415

1.0378 1.0410

1.0373 1.0405

1.0389 1.0400

1.0365 1.0396

[.0360 1.03ql

1.0356 1.0386

[.0351 [.038[

1.0347 [.0377

1.0343 [.0372

1.0339 1.0367

[.0334 1.0363

1.0330 1.0358

1.0326 1.0354

1.0322 1.0349

1.0318 L.0345

1.0314 [.0341

1.0311 [.0337

[.0307 1.0333

1.0303 i 1.0329

1.0299 1.0325

1.0296 1.0321

I
70

1.0[79

1.0220

1.0257

1.0289

1.0318

1,0344

1.0367

1.0388

1.0406

[.0422

1.0436

1.0449

1.0460

1.0410

1.0478

1.0686

[.0492

1.0498

1.0503

1.0507

1.05[0

1.0513

1.0515

1.0517

1.05[9

1.0520

1.052[

[.052[

1.0521

1.0521

1.0520

[.0520

1.051q

1.0518

1.0516

[.0515

1.0512

[.0508

1.0504

[.0500

[.0495

1.0490

1.0485

1.0480

1.0475

[.0470

[.0464

[.045g

1.0454

[.0448

1.0443

1.0437

1.0432

1.0427

1.0421

[.0416

[.0411

1.0406

1.0401

1.0396

1.0391

1.0386

1.0381

1.0377

1.0372

1.0367

1.0363

1.0358

1.0354

1.0350

1.0345

75

1.0225

1.0266

1.0303

1.0336

1.0365

1.0391

1.0414

1.0435

1.0453

1.0469

1.0483

1.0496

1.0507

[.0516

[.0525

1.0532

1.0538

1.0543

1.0548

[.0552

1.0555

1.0558

[.0560

[.056[

[.0563

1.0563

1.0564

1.0564

1.0564

1.0563

1.0562

1.056[

[.0560

1.0559

1.0557

1.0556

1.0552

1.0548

1.0543

1.0538

1.0533

1.0527

1.0522

[.0516

1.0510

1.0505

1.0499

1.0493

1.0481

1.0481

[.04?5

1.0470

[.0454

1.0458

[.0452

1.0447

1.0441

1.0436

1.0430

1.0425

[.0419

1.0414

[.0409

1.0404

1.0399

1.0394

1.0389

1.0384

1.0380

[.0375

[.0370

8O

1.0275

1.031?

1.0353

1.0386

1.0415

1.044l

1.0466

1.0484

1.0502

[.05[8

L.0532

1.0544

1.0555

[.0564

1.0612

1.0579

1.0585

[.05gO

1.0595

[.0598

[.060i

1.0603

1.0605

1.0606

1.0607

1.0o08

1,0608

1.0607

1.0607

1.0606

I.Ob05

1.0604

1.0602

1.0000

1.0599

1.0597

1.0592

1.0587

1.0582

1.0511

[.0571

[.0565

[.055g

1.0552

1.0J46

[.0540

1.0534

1.052/

[.0_21

[.0514

1.0508

[.0902

[.0496

1.0489

1.0483

1.0477

1.0471

[.0465

[.0459

1.0454

1.0448

1.0442

[.0437

1.043[

1.0426

1.0421

[.0415

L.04[0

[.0405

1.0400

!
1.0395

85

[.0330

1.0371

1.0407

[.0440

1.0469

1.0494

1.0517

1.0531

1.0554

1.0570

1.0583

[.0595

1.0605

1.0614

[.0622

1.0629

1.0634

1.0639

1.0643

1.0646

1.0648

1.0650

[.0651

1.0652

1.0653

1.0653

1.0652

1.0652

1.0651

1.0650

1.0648

1.0647

[.0645

[.0643

1.0640

1.0638

1.0633

1.0627

1.0622

1.0615

1.0609

1.0602

[.0596

[.058g

1.0582

1.0575

1.0568

1.0561

1.0555

1.0548

1.0541

[.0534

L.0527

1.0521

1.0514

1.0508

1.0501

1.0495

1.0489

1.0483

1.0676

1.0470

[.3465

[.0459

1.0453

1.0447

1.0442

1.0436

[.043[

1.0426

1.0420

90 95

1.0389 [.0453

1.0429 [.0492

1.0465 [.0526

1.0491 L.0557

[.0525 1.0585

[.0550 [.060g

[°0572 1.0630

1.0591 1.0649

1.0609 1.0665

1.0623 1.0679

1.0636 1.0692

1.0648 1.0702

[.0658 [.01L2

1.0666 L.07[9

[.0673 1.0726

1.0679 1.0731

1.0684 1.0736

1.0688 1.0739

1.0692 1.0742

[.0694 1.0744

1.0696 1.0746

1.0698 1.0747

1.0699 1.0747

1.0699 1.0747

1.0699 1.0746

[.0699 1.0746

1.0698 1.0744

[.06g? 1.0743

1.0696 1.0741

1.0694 1.0739

1.0692 i.0737

1.0690 1.073#

1.0688 1.0731

1.0685 [.0?29

1.0683 [.0?26

t.0680 [.0722

1.0674 L.O?L6

1.0668 [.070g

1.066l L.0?92

[.0655 [.0694

[.0648 1.0686

[.0640 1.0679

1.0633 1.067[

1.0626 1.0663

[.06[8 1.0655

1.06[l 1.0647

1.0603 1.0639

[.05g6 1.0631

[.0589 1.0623

[.0581 1.0615

1.0574 1.0607

[.056? 1.0599

1.0559 1.0592

1.0552 [.0584

1.0545 [.05??

1,0538 1.0569

1.0532 1.0562

[.0525 1.0555

1.0518 1.0548

1.0512 1.0541

1.0505 1.0534

[.0499 L.0527

1.0492 [.0520

1.0486 1.0514

[.0480 1.0507

1.0474 1.0501

1.0488 1.0695

1.0652 1.0#_8

1.0451 [.0462

[.045[ i [.04/6

1.0445 L 1.0470

[00

1.o52[

1.0558

1.0592

[.06Zl

L.0647

1.0671

1.0691

1.0709

1.0/24

1.0738

1.0749

L.0759

1.0768

1.0775

1.0780

[.0?85

1.0789

1.0792

1.0794

l.O?g5

l.O?g6

1.0797

1.0796

1.0796

1.0795

1.0793

L.0792

1.0787

1.0787

1.0785

1.0782

1.3779

1.0776

[.0712

L.0769

1.0765

[.0?58

L.0750

1.0742

1.0734

1.0/26

1.0717

1.0709

l.O?O0

1.06g[

1.0683

1.0674

1.0666

1.0657

[.0649

1.0640

1.0632

1.0624

1.0616

1.0608

1.0600

1.0592

1.0585

1.0577

1.0570

1.0562

1.0555

[.0548

1.0541 i

1.0534

l

I .O528 I
[.0621

1.0514 i
1.05D8

1.0802

1.0496 L
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Plenum

t empe{at ure

R

1,15

180

! 185
1,90

195

200

205

210

215

220

225

230

235

240

245

25O

255

_60

265

270

215

280

285

290

2.95

300

305

31.0

3Lb

320

325

330

335

340

345

_50

360

370

380

390

400

610

420

430

440

450

460

470

480

490

_00

5[0

520

530

540

550

560

_?0

580

59O

600

610

620

630

640

650

660

670

680

690

T00

3.1,897

3.2482

3.3060

3.3628

3.4[80

3.47t2

3.5222

3.5706

3.6t62

3.6587

3.698[

3.7342

3.7672

3.7970

3.8239

3.8482

3.8702

3.8906

3.9099

3.9290

3.9335

3.9372

3.9400

3.942L

3.9433

3.9438

3.9435

3.9425

3.9407

3.9383

3,9351,

3.931,3

3.9269

_.92}8

3.9[62

3o9100

3.8960

3.8800

3.86Z4

3.8433

3.8230

3.8018

3.7799

3-75?8

3.7358

3.7[_0

3.6972

3.68t5

3,6668

3._532

3.6405

3.6288

3,6t80

3.&081

3.5990

3.5907

3.5831

3.5702

3.5699

3.5643

3.6592

3.>647

3.5506

3.6470

3.5438

3.96[0

3.9385

3.5363

3.9343

3.5325

3.)309

TABLE

}}}}ii }i}}ii! }}}}!} }}}ii! }}}ii}
3.5300

3.5776

3.6229

3.6657

3.7057

3.7627

3.7767

3.807?

3.8357

3.8609

3.8836

3.9062

3.9232

3.9412

3.9591,

3.9625

3.9651,

3.9670

3.9681

3.9684

3.968L

3.96?0

3.9652

3.9627

3.9596

3.9558

3.95L4

3.9464

3.9607

3.9345

3.9278

3.9128

3.8960

3.8775

3.8576

3.8366

3.81,48

3.7g23

3.7697

3.7670

3.7248

3.7075

3.6914

3.6763

3.6623

3.6493

3.6372

3.626[

3.6159

3.6065

3.5979

3.5900

3.5828

3.5764

3.5705

3.5652

3.5605

3.9563

3.5525

3.549[

3.566l

3.5435

3.5611

3.5390

3.5371

I
l 3.5353 ]

3.5010

3.5503

3.597l

3.64[3

3.6825

3.7207

3.7557

3.7877

3.81,66

3.8426

3.8661

3.8874

3.9071

3.9257

3.9443

3.9682

3.95[3

3.9537

3.9552

3.9560

3.9561

3.9554

3.9540

3.95[8

3.9490

3.9456

3.94L5

3.9367

3.93[4

3.9255

3.9190

3.9065

3.8881

3.8700

3.8505

3.8299

3.8083

3.7862

3.7638

3.74[5

3.7195

3.7026

3.6865

3.6716

_.6578

_.6449

3.6331

3.6221

3.6120

3.6028

3.5963

3.5866

3.5795

3.5732

3.66T4

3.5622

_.5576

3.55_5

3.5498

3.5465

3.5436

3.5410

3.9387

3.9367

3.5348

3.5341

3.5582

3.6062

3.6481

3.6895

3.7283

3.7642

3.7972

3.8272

3.8543

3.8787

3.9007

3.9206

3.9389

3.9563

3.9737

3.9765

3.9786

3.9800

3.9806

3.9806

3.9798

3.9783

3.9762

3.9736

3.9699

3.9658

3.9611

3.9558

3.9499

3.9434

3.9364

3.9210

3.9037

3.8868

3.8646

3.8433

3.8211

3.7984

3.7754

3.7525

3.7301

3.7126

3.6962

3.6809

3.6667

3.6535

3.66[3

3.6301'

3.6197

3.6101

3.601'4

3.5934

3.586[

3.5795

3.5736

3.5682

3.5834

3.5590

3.5552

3.5517

3.5686

3.5659

3.5435

3.5413

3.5393

3.5375

3.5856

3.6301

3.6726

3.71'27

3.7503

3.7852

3.8172

3.8463

3.8725

3.896[

3.91,74

3.9366

3.9543

3.9?11,

3.9879

3.9902

3.99[8

3.992?

3.9929

3.9924

3.9912

3.9894

3.9869

3.9837

3.9800

3.9755

3.9705

3.9649

3.9588

3.9521,

3.9449

3.9290

3.9i13

3.8920

3.871,4

3.8698

3.8273

3.8063

3.781,1

3.7579

3.7352

3.?[75

3.7009

3.6855

3.6711,

3.62??

3.6_54

3,6339

3.6234

3.6137

3.6049

3.5967

3.5894

3.5827

3.5766

3.57[[

3.5662

3.56[8

3.5578

3.5563

3.59[1,

3.5483

3.5458

3.5435

3.5415

3.5396

3.61,21,

3.6552

3.6964

3.7353

3.7718

3.8056

3.8366

3.8648

3.8903

3.9131

3.9336

3.9522

3.9692

3.9855

4.0017

4.0035

4.0046

4.005[

4.0048

4.0060

4.0024

4.0002

3.9974

3.9939

3.9898

3.985[

3.9708

3.9739

3.9675

3.9606

3.9531

3.9368

3.9187

3.8990

3.8781,

3.858l

3.8333

3.8LOL

3.7866

3.7632

3.7603

3.7223

3.7056

3.6899

3.6754

3.6619

3.6493

3.63?8

3.6271,

3.6173

3.6083

3.600[

3.5926

3.5857

3.5796

3.5760

3.5690

3.5649

3.5604

3.5568

3._586

3.5507

3.5481

3.5458

3.5437

3.5417

3.6379

3.6790

3.7195

3.7573

3.792?

3.8255

3.8556

3.8830

3.9076

3.9297

3.9495

3.9674

3.9838

3.9995

4.0L52

4.0165

4.01,7[

4.0171

4.0_65

4.0[52

4.0[33

4.OLU1

4.00;6

4.0038

3.9994

3.9944

3.9888

3.9827

3,9160

3.9688

3.9012

3.9_4

3.9Z59

3.9U59

3.8846

3.8623

3.8393

3.8157

3.7920

3.7684

3.1453

_.7Z?[

3.7101

3.6943

3.6796

3.6659

3.6532

3.0615

3.630?

3.6Z08

3._li/

3.6033

3.5957

3.5688

3.5825

3.2168

3.5117

3.507L

3.5630

3.5293

_*bb60

3._>3L

3.5504

J.5480

3.5458

3.54]8

3.6628

3.7032

3.74L9

3.7786

3.8130

3.8449

3.8741

3.9006

3.9266

3.9458

3.9649

3.9822

3.998[

6.0[32

4.0284

4.0292

4.0293

6.0289

6.0279

6.0262

4.0239

4.0210

4.01,75

4.0[36

4.0087

4.0036

3.9976

3.99[2

3.9843

3.9169

3.g690

3.9518

3.9330

3.9[26

3.89[0

3.8684

3.845L

3.8213

3.7973

3.7735

3./501

3. T318

3.7L48

3.6986

3.6837

3.6699

3.657l

3.6452

3.6343

3.6242

3.6150

3.6065

3.5988

3.5918

3.5854

3.5797

3.5745

3.5698

3.5656

3.56t8

3.5584

3,5554

3.5527

3.5502

1 3.5480

I 3.5459

VI. - Continued.

(g) Plenum

Plenum

3.4849!35, 
3.5240 ! 3.5525

3.5645 3.59161
3.6055 3.6313 I

3.6465 3.6710

3.6869 3.7102

3.7261, 3.7483

3.7637 3.7848

3.7993 3.81,,94

3.832? 3.8519

3.8637 3.8820 I
3.8920 3.9095

3.9[77 3.9344

3.9408 3.9568

3.961'5 3.9768

3.9800 3.9946

3.9966 4.01'06

4.011,9 4.0294 1
6.0265 4,03_4

4.0412 4.05361

6.04[5 4.0535

4.041,2 4.0528i

6.0404 4.05i5 1

6.0389 6.0497 I

4.0369 4.0473 I

4.0342 6.0443

4.0310 6.0407

4.027Z 4.0366

4.0228 4.0319

4.0178 4.0206

6.0122 6.0208

4.0062 4.0165

3.9995 4.0076

3.9924 4.0003

3.9848 3.99d4

3.9767 3.984L

3.g59L 3.96_2

3.9398 3.9466

3.9[92 3.9296

3.8973 3.9036

3.8744 3.880_

3.8508 3.8563

3.8267 3.8320

3.8025 3.8076

_.7785 3.?834

3.7549 3.7596

3.7364 3.?409

3.?[90 3.7234

3.7029 3.7070

3.6878 3.6918

3.6738 3.6717

3.6609 3.66_6

3.6489 3.6525

3,63?8 3.6613

3.6276 3.6309

3.5183 3.82L5

3,6097 3.61Z8

3.6019 3.6069

3,5967 3.597?

3.5883 3.591[

3.5824 3.5852

3.5771 3.5798

3.5724 3.5749

3.568| 3.5706

3.5643 3.5667

3.5608 3.5632

3.55?7 3.5600

3.5569 3.5571,

3.5524 i 3.5566

3.5501, 3.5522!

3.5480 ] 3.55o0

i00



THER_'qODY}_A_,[IC PROPI_KTIES :)F PARA-HYDROG'EH

specific heat

pressure atm

50 55

3.5436 3.5707

3.5797 3.6057

3.6175 3.6423

3.6560 3.6797

3.6946 3.7[73

3.7327 3.7543

3.7697 3.7904

3.8052 3.8250

3.8389 3.8578

3.8705 3.8885

J.8997 3.9169

3.9264 3.9429

3.9506 3.9663

3.9723 3.9873

3.99i6 4.0060

4.0088 4.0226

4.0243 4.0375

4.0385 4.0512

4.0520 4.0642

4.0657 4.0775

4.0651 4.0764

4.0640 4.0749

4.0623 4.0729

4,0601 4.0703

4.0574 4.0672

4.0541 4.0635

4.0502 4.0594

4.0457 4.0546

4.0408 4.0494

4.0352 4.0436

4.0292 4.0373

4.0226 4.0305

4.0155 4.0232

4.0080 4.0154

3.9999 4.0072

3:9914 3.9985

3.9730 3.9798

3.9531 3.9595

3.9318 3.9379

3.9093 3.9151

3.8859 3.8914

3.86i8 3.867[

3.8372 3.8423

3.8126 3.8175

3.7881 3.7928

3.7642 3.7687

3.7453 3.7696

3.7276 3.73[8

3.7111 3.7151

3.6957 3.6996

3.6815 3.6852

3.6682 3.6718

3.6560 3.6504

3.6447 3.6480

3.6342 3.6375

3.6247 3.6278

3.6159 3.6189

3.6079 3.6108

3.6005 3.6034

3.5939 3.5966

3.5879 3.5905

3.5824 3.5850

3.57?5 3.5800

3.5731 3.5755

3.569[ 3.5714

3,5655 3.5678

3.5622 3.5645

3.5593 3.5615

3.5567 3.5588

3.5543 3.5563

3.5520 3.5540

6O

3.5963

3.6303

3.6659

3.7024

3.7390

3.7752

3.8103

3.8441

3.8760

3.9059

3.9336

3.9588

3.98[6

4.0019

4.0200

4.0360

4.0504

4.0635

4.0761

4.0889

4.0874

4.0855

4.083l

4.0801

4.0767

4.0728

4.0683

4.0633

4.0578

4.0517

4.0452

4.0382

4.0307

4.0227

4.0142

4,0053

3.9863

3.9657

3.9438

3.9208

3.8968

3.8722

3.8473

3.8222

3.7974

3.7731

3.7538

3.1358

3.7190

3.7034

3.6888

3.6753

3.6628

3.6513

3.6406

3.6309

3.6219

3.6137

3.6062

3.5993

3.5932

3.5875

3.5825

3.5779

3.5?38

3.5700

3.5667

3.5636

3.5609

3.5583

J 3.5560

65

3.6204

3.6535

3,6884

3.7241

3.7599

3.7952

3.8295

3.8625

3.8936

3.9228

3.9497

3.9742

3.9963

4.0160

4.0335

4.0490

4.0628

4.0755

4.0876

4.0999

4.0981

4.0957

4.0930

4.089?

4.0859

4.0817

4.0769

4.0717

4.0659

4.0596

4.0529

4.0456

4.0379

4.0297

4.0211

4.0170

3.9926

3.9718

3.9496

3.9263

3.9021

3.8773

3.8521

3.8269

3.8019

3.7774

3.7580

3.7398

3.7229

3.707L

3.6924

3.67R8

3.6662

3.6545

3.6438

3.6339

3.6248

3.6165

3.6089

3.6020

3.595?

3.5901

3.5849

3.5803

3.5761

3.5723

3,5689

3.5658

3.5629

3.5603

1 3.5579

7O

3.6430

3.6755

3.7097

3.7447

3.7798

3.8144

3.8480

3.8802

3.9106

3.9391

3.9653

3.9891

4.0106

4.0297

4.0466

4.0616

4.0749

4.0870

4.0987

4.1106

4.1084

4.1057

4.1025

4.0990

4.0949

4.0903

4.0853

4.0798

4.0738

4.0673

4.0603

4.0528

4.0449

4.0365

4.0277

4.0185 4.0248

3.9988 4.0048

3.9776 3.9833

3.9552 3.9606

3.93[6 3.9369

3.9072 3.9122

3.8822 3.8810

3.8568 3.8614

3.8314 3.8358

3.8062 3.8[05

3.78[6 3.7857

3.7620 3.7660

3.7437 3.7475

3.7266 3.7303

3.7107 3.7143

3.6959 3.6994

3.6822 3,6855

3.6695 3.6727

3.6577 3.6608

3.6468 3.6499

3.6369 3.6398

3.6277 3.6305

3.6193 3.62Z1

3.6[[6 3.6143

3.6046 3.6072

3.5983 3.6008

3.5925 3.5950

3.5873 3.5897

3.5826 3.5849

3.5783 3.5806

3.5745 3.5767

3.5710 3.5731

3.5678 3.5699

3.5650 3.5670

3.5623 3.5643

3.5599 , 3.5618
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3.6660 3.6836

3.6961 3.?/54

3.7299 3.7489

3.7643 3.7829

3.7988 3.8170

3.8328 3.8504

3.8657 3.8827

3.8973 3.9136

3.9270 3.9428

3.9548 3.9099

3.9803 3.9949

4.0036 4.0175

4.0244 4.0378

4.0430 4.0557

4.0593 4.0715

4.0?37 4.0855

4.0865 4.0978

4.0982 4.1091

4.1095 4.[199

4.L210 4.1310

4.1183 4.1280

4.1153 4.1_46

4.[1[8 4.1208

4.1079 4.1166

4.1035 4.1119

4.0987 4.1068

4.0934 4.1013

4.0877 4.0953

4.0814 4.0888

4.0747 4.0818

4.0675 4.0146

4.0598 4.0666

4.0517 4.0583

4.0432 4.0496

4.0342 4.0404

4.0309

4.0106

3.9889

3.9O59

3.94[9

3.9171

3.89L7

3.8659

3.8402

3.8146

3.7_97

3.7698

3.75[3

3.7339

3.7178

3.T027

3.6888

3.6758

3.6639

3.6528

3.6427

3.6333

3.6248

3.6169

3.6098

3.6033

3.5974

3.5920

3.5872

3.5_28

3.5?88

3.5152

3.5120

3.5690

3.5662

3.5637

85

3.7016

3.7334

3.7667

3.8005

3.8342

3.8671

3.8990

3.9293

3.9579

3.9845

4.0088

4.0309

4.0506

4.0681

4.0834

4.0968

4.1087

4.1195

4.1299

4.1406

4.1373

4.1335

4.1294

4.1249

4.1200

4.1146

4.[088

4.1026

4.0959

4.0888

4.0812

4.0731

4.0647

4.0558

4.0465

4.0368

4.0[62

3.9943

3.9711

3.9469

3.9218

3.8962

3.8703

3.8444

3.8L87

3.7936

3.7736

3.7549

3.7375

3.7212

3.7060

3.6920

3.6789

3.8669

3.6557

3.6455

3.6361

3.6274

3.6195

3.6123

3.6057

3.5998

3.5943

3.5894

3.5850

3.5810

3.5773

3.5?40

3.5709

3.5681

3.5655

9O

3.7182

3.7501

3.7834

3.8171

3.8505

3.8831

3.9145

3.9444

3.9724

3.9985

4.0223

4.0438

4.0630

4.0799

4.0948

4.1077

4.1192

4.1296

4.1396

4.1500

4.1462

4.1422

4.1378

4.[330

4.1278

4.1222

4,116L

4.1097

4.1028

4.0954

4.0877

4.0195

4.0708

4.0618

4.0523

4.0425

4.02[7

3.9995

3.9161

3.9516

3.9264

3.9006

3.8746

3.8485

3.822?

3.7974

3.7773

3.7585

3.7409

3.7245

3.7093

3.695l

3.6820

3.6698

3.6586

3.6483

3.6388

3.6300

3.622L

3.6[48

3.6081

3.602i

3.5966

3,5916

3.5871

3.5831

3,5793

3.5760

3.5729

3.5700

3.5674
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3.7332

3.7655

3.79_9

3,8326

3.8659

3.8982

3.9293

3.9587

3.9863

4.0119

4.0352

4.0562

4.0749

4.0913

4.1057

4.1182

4.1293

4.1393

4.1489

4.[589

4.1549

4.1505

4.1458

4.1407

4.1353

4.1294

4.1232

4.1165

4.1094

4.[019

4.0939

4.0856

4.0768

4.0676

4.0580

4.0480

4.0269

4.0045

3.9899

3.9563

3.9309

3.9049

3.8187

3.85_5

3.8265

3.801[

3.?809

3.7620

3.7443

3.72?8

3.7124

3.6982

3.6850

3.6727

3.6614

3.65[0

3.64L4

3.6326

3.6246

3.6172

3.6105

3.6044

3.5989

3.5938

3.5893

3.5821

3.5814

3.5779

3.5748

3.5719

3.5692
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I 100

I 3.7467
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i 3.8133

3.8471

3.8804

3.9125

3.9433

3.9724

3.9996

4.0247

4.0475

4.0681

4.0863

4.1023

4.[162

4.1283

4.L390

4.L486

4.1578

4.1675

4.1632

4.1585

4.1535

4.1482

4.14_5

4.i364

4.1299

4.1231

4.1158

4.1081

4.1000

4.0914

4.0825

4.0731

4.0634

4.0533

4.0320

4.0094

3.9856

3.9608

3.9352

3.9091

3.8827

3.8563

3.8303

3.8048

3.7844

3.7654

3.7476

_.7310

3.7155

3.7012

3.68?9

3.6756

3.6642

3.6537

3.6440

3.6351

3.6270

3.6196

3.6t28

3.6067

3.6011

3.5960

3.5914

3.5872

3.5834

3.5799

3.5767

3.5738

3.5710
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i 175 1.4567

i 180 1.4448

i 185 i 1.4336

i 190 L.4232
L.4136

195

200 1.4047

205 L.3965

210 1.3890

215 1.3822

220 1.3761

225 1.3706

230 1.5657

235 1.3614

240 1.3575

245 1.3541

250 1.3511

255 1.3484

260 1.3460

2_5 1.3437

270 1.3414

275 1.3409

280 I;3405

285 1.3401

290 1.3399

295 1.3398

300 1.3397

305 1.3397

310 1_3399

315 1.340L

320 i.3403

325 1.3407

330 1.3411

335 1.3417

340 1_3423

345 1.3429

350 1.3436

360 1.3453

$70 1.3472

380 1.3494

390 1.3517

400 1.3542

410 1.3569

420 1.3597

430 1.3626

440 1.3655

650 1.3685

460 1.3708

470 1.3729

480 /.3750

490 1.3769

500 L.3787

510 1.3804

520 1.3820

530 1.3834

540 1.3848

550 1.3860

560 1.3871

570 1.3882

580 1.3891

590 1.3900

600 1.3907

610 1.3914

620 1.3921

630 1.3926

640 1.3931

650 1,3935

660 1.3939

670 1.3943

68O 1.3946

690 1.3949

[ 700 1,3951
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1.4720

1.4588

1.4466

1.4352

t.4246

1.6L49

1.4060

1.3979

1.3906

1.3839

1.3779

[.3726

1.3679

1.3637

1.3599

1.3566

1.3536

1.3509

1.3484

1.3459

1.3452

1.3446

1.3441

1.3437

1.3434

L.3432

1.3431

L.3431

1.3432

1.3433

1.3436

1.3439

L.3444

1.3449

1.3454

L.3461

L.3476

L.3493

1.3514

L.3536

1.3580

1.3586

1.3613

1.3641

1.3669

1.3897

1.3720

1.3741

1.3760

1.3779

1.3796

1.3813

1.3828

1.3842

1.3855

1.3867

1.3877

1.3887

1.3896

1.3904

1.39L2

1.3918

1.3924

1.3929

1.3934

1.3938

1.3942

1.3945

1.3948

1.3950

1.3952

I0

1.4870

1.4727

1.4593

1.4470

1.4355

1.4250

1.4154

1.6067

1.3987

1.3916

1.3851

1.3794

1.3742

1.3697

1.3656

1.3820

1.3587

1.3558

1.3530

1.3503

1.3494

1.3486

1.3480

1.3474

1.3470

1.3466

1.3464

1.3463

1.3462

1.3463

1.3464

1.3467

1.3470

1.3474

1.3479

1.3484

1.3498

1.3514

1.3533

1.3554

1.3577

1.3602

1.3628

1.3655

1.3682

1.3710

1.3731

1.3752

1.3771

1.3789

1._805

1.3821

1.3836

1.3849

1.3861

1.3873

1.3883

1.3893

1.3901

1.3909

1.39|6

1.3922

1.3928

1.3933

1.3937

1.3941

1.3944

1.3947

1.3969

1.3952

1.3954
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1.5019

1.4863

1.4719

1.4585

1.4462

1.4349

1.4246

1.4152

1.4067

1.3990

1.3921

1.3859

1.3804

1.3755

1.3711

1.3672

1.3637

1.3605

1.3575

1.3546

1.3535

1.3525

1.3517

1.3510

1.3504

1.3500

1.3496

1.3493

1.3492

1.3491

1.3492

1.3493

1.3495

1.3499

1.3503

1.3508

1.3519

1.3534

1.3552

L.3572

L.3594

L.3617

1.3643

1.3669

1.3695

1.3722

L.3743

L.3762

L.3781

L.3798

L.3814

1.3829

1.3843

1.3856

1.3868

L.3879

1.3889

1.3898

1.3906

1.3914

1.3920

1.3926

1.3931

1.3936

1.3940

1.39%3

1.3946

1.3949

1.3951

1.3953

1.3955

2O

1.5165

1.4997

1.4842

1.4699

L.4567

L.4446

1.4336

1.4236

1.4145

1.4063

1.3990

1.3924

1.3865

1.3812

1.3765

L.3723

1.3885

1.3651

1.3619

1.3587

1.3575

1.3564

1.3554

1.3545

1.3538

1.3532

1.3527

1.3523

1.3521

1.3519

1.35L9

1.3519

1.3520

1.3523

1.3526

1.3530

1.3540

1.3554

1.3570

1.3589

1.3610

1.3633

1.3657

1.3682

1.3708

1.3734

1.3754

1.3r73

1.3T91

1.3807

1.3823

1.3837

1.3851

1.3863

1.3875

1.3885

1.3895

1.3903

1.3911

1.3918

1.3924

1.3930

1.3934

1.3939

1.3942

1.3945

1.3948

1.3950

1.3952

1.3954

1.3956

25 3O

1.5308 1.5_49

1.5129 1.5258

1.4963 1.5081

1.4810 1.4919

1.4670 1.4770

1.454l 1.4634

1.4424 1.4510

1.4318 1.4J97

1.4221 1.4296

1.4134 1.4204

1.4056 1.4121

1.3986 1.4047

1.3923 1.3981

1.3888 1.3922

1.3818 1.3869

1.3773 1.3821

1.3733 1.3/78

1.3696 1.3739

1.3661 1.3702

1.3628 1.3o67

1.3613 1.3651

1.3601 1.3637

1.3589 : 1.3624

1.3579 i 1.]012

1.3571 1.3602

1.3563 1.3594

1.3557 1.3587

1.3552 1.358L

1.3549 1.3576

1.3546 1.3572

1.3545 1.3570

1.3544 1.3568

1.3545 1.3568

1.3546 1.3569

1.3549 1.3570

1.3552 I._513

1.3561 1.3581

1.3573 1.3592

1.3588 1.3606

1.3606 1.3622

1.3626 1.1641

1.3648 1.3662

L.3671 1.3684

1.3695 1.3708

1.3720 L.t?3Z

1.3746 L.]lbl

1.3765 1.3776

1.3783 1.3793

1.3800 1.3810

1.3816 1.3825

1.3831 1.3_39

1.3845 L.3853

1.3858 L.3865

1.3870 L.3_7/

1.388l 1.3_87

1.3891 1.3891

1.3900 1,3905

1.3908 1.3913

1.3916 1.3920

1.3922 1.3926

L.3928 L.3932

1.3933 1.3937

1.3938 1.3941

1.3941 1.1944

1.3965 1.3947

1.3948 1.3950

1.3950 1.3952

1.3952 1.3954

1.3954 1.3955

1.3955 1.395/

1.3957 1.3958

35

1.5587

1.5385

1.5L97

1.5026

1.4868

1.4725

1.4594

1.4415

1.4368

1.4271

L.4184

1.4106

1.4038

1.3974

1.3918

1.3868

1.3823

1.3781

1.3742

1.3705

1.3687

1.3671

1.3657

L.3644

1.3633

1.3623

1.3615

1.3608

1.3602

1.3598

L.3594

1.3592

1.3591

L.359L

1.3592

L.3594

1.3600

1.3610

1.3623

1.3638

1.3656

1.3676

1.3698

1.3721

1.3744

1.3768

1.3786

1.3803

1._819

L.3834

1.3847

1.3860

L.3872

1.3883

L.3893

1.3902

1.3910

1.3918

L.3924

1.3930

1.3935

1.3940

L.3944

1.3947

1.3950

1.3952

1.3954

1.3955

1.3957

1.3958

1.3959
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1.5723 1.5855

1.5508 1.5630

1.5311 1.5422

1.5130 1.5231

1.4964 1.5057

1.48L3 1.4899

1.4675 1.4755

1.4551 1.4624

1.4438 1.4506

1.4337 1.4400

1.4245 1.4305

1.4164 1.421g

1.4090 1.4142

1.4025 1.4074

1.3966 1.4012

1.3913 1.3957

1.3865 1.3907

1.3822 1.3861

1.3781 1.3818

1.3742 1.3778

1.3723 1.3757

1.3705 1.3738

1.3689 1.3721

1.3675 1.3705

1.3663 1.36g2

1.3652 1.3680

L • 3643 I. 3669

1.3634 1.3660

1.3628 1.3652

1.3622 1.3646

L.3618 1.3641

1.3615 1.3637

L.3613 1.3634

1.3612 1.3633

1.3612 1.3632

1.3614 1.3633

1.3619 1.3637

1.3621 1.3664

I. 3639 I. 3655

I. 3654 I • 3669

1.3671 1.3685

1.3690 1.3703

1.3711 1.3723

1.3733 1.3744

1.3756 1.3767

1.3779 1.3789

1.3796 1.3806

1.3812 1.38_1

L.3828 1.3836

1.3842 1.3850

1.3855 1.3863

1.3868 1.3875

1.3879 1.3885

1.3889 1.3895

L.3899 1.3905

1.3908 1.3913

L.3915 1.3920

L.3922 1.3927

L. 3929 1.3933

1.3g34 1.3938

I • 3939 1.394Z

1.3943 1.3946

1.3947 1.3949

1,3950 1.3952

L.3952 L.3954

Io3954 1.3956

L.3956 1.3957

1.3957 L.3g58

1,3958 [.3959

1.3959 1.3960

1,3959 ............
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1.5985 1.6111

L.5748 1.5863

1.5530 1.5635

L.5331 1.5427

1.5148 1.5237

1.4982 1.5064

1.4832 1.4907

L.4696 1.4765

L.4573 1.4637

1.4462 1.4521

1.4362 1.4418

1.4273 1.4325

1.4193 1.4241

1.4121 1.4167

[.4057 1.4100

1.3999 1.4040

1.3947 1.3985

1.3899 1.3936

L.3854 1.3889

L.3812 1.3845

1.3789 1.3821

1.3769 1.3799

1.3751 1.3780

1.3734 1.3762

L,3719 1.3746

L.)706 1.3732

1.)695 1.3719

L.3685 1.3708

1.3676 1.3699

1.3669 1.3691

1.3663 1.3684

1.3688 1.3679

I.)655 1.3678

1.3653 1.3672

L.)652 1.3670

1;3651 1.3669

1.3654 1.3671

1.3661 L.3676

1.3670 1.3685

1.368} 1.3697

1.3698 1.3712

1.37L6 1.3728

1.3735 1.3747

1.3756 1.3767

1.)?17 1.3788

1.3799 L.3809

1.38[5 I.)824

1.3830 1.3839

1.3844 L.3853

1.3858 L.3868

1.3870 1.3877

1.3881 1.3888

1.3892 1.3898

1.3901 1.3907

1.39[0 1.3915

1.3918 L.3923

1.3925 1.3929

1.3931 L.3935

1.3937 1.3940

I.)94L 1.3945

1.3946 1.3949

1.3949 1.3952

1.3952 [.3955

1.3954 1.3957

1.3956 1.3988

L.3958 1.3960

1.3959 1.3960

1.3960 1.396L

L.)960 1.3961

L.3961 1.3961

I.)961 1.3961

6O

1.6235

1.2976

1.5738

1.9520

1.5322

1.8142

1.4979

[.4831

1.4698

L.4579

1.4471

1.4374

1.4288

1.42LI

Io4141

1.4079

1.4022

1.3971

1.3922

1.3876

1.3851

1.3828

L )807

1.3789

1.3772

1.3756

1.3743

1 3731

1.3721

1.3712

1.3705

1.3699

1.3694

1.3690

[.3688

1.3687

1.3687

1.3692

1.3700

1.3711

1.3724

1.3740

1.3758

1.3777

1.3798

1.3819

1.3833

1.3847

1.3860

1.3873

1.3884

1.3894

1.3904

1.3913

1.3920

1.3928

1.3934

1.3939

1.3944

1.3948

1.3952

1.3958

1.3957

1.3959

1.3960

1.3961

1.3962

L.3962

L.3962

1.3962

1.3982
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1.6355

1.6085

1.5837

1.5611

1.5405

1.8218

1.5049

1.4896

1.4758

1.4634

1.4522

1.4422

1.4333

1.4283

1.418l

1.4L16

1.4058

1.4004

1.3954

1.3907

1.3880

1.3856

1.3834

1.3814

1.3796

1.3780

1.3766

1.3753

1.3742

1.3733

1.3724

1.3718

1.3712

1.3708

1.3705

1.3703

1.3703

1.3/06

1.3713

1.3724

1.3737

1.3752

1.3/69

L.3788

1.3807

1.3828

[.3842

1.3855

1.3868

1.3880

1.3890

1.3900

1.3910

1.3918

1.3925

L.3932

[.3938

1.3943

1.3948

1.3952

[.3955

1.3957

1.3959

1.3961

1.3962

1.3963

1.3963

1.3963

1.396_

1.3963

1.3962

7O

1.641L

1.619[

1.5934

L.5699

L.5485

L.5291

1.5116

1.4958

1.4818

1.4687

1.4571

1.4468

L.4576

1.4293

1.4219

1.4152

1.4092

1.4036

t.3985

1.3936

1.3908

1.3882

1.3889

L.3838

1.3820

1.3803

1.3788

1.3774

1.3762

1.3752

1.3743

1.3736

1.3?30

1.3725

1.3722

1.3719

[.37L8

1.3721

1.3727

[.3736

1.3748

1.3763

1.3780

1.3798

1.3817

1.3837

1.3850

1.3863

1.3875

1.3886

1.3897

1.3906

1.3915

1.3923

1.3930

1.3937

1.3942

1.3947

1.3981

1.3955

1.3957

1.3960

1.3962

1.3963

1.3964

1.3964

1.3964

1.3964

1.3964

1.3983

1.3963

75

1.6584

1 6294

1.6027

1.5784

1.5562

1.8362

1.5[80

1.5017

1.4870

1.4737

1.46L8

1.4512

1.4417

1.4332

1.4255

1.4186

1.4124

1.4067

1.4014

1.3963

1.39 _4

1.3908

1.3884

1.3862

1.3842

1.3824

[.3808

1.3794

1.3782

1.3771

1.3761

1.3753

1.3747

1.3742

1.3738

1.3735

1.3732

1.3734

1.3740

1.3748

1.3760

1.3714

1.3790

L.3807

1.3826

1.3845

1.3888

1.387L

1.3882

L.3893

L.3983

1.3912

1.3921

L.3928

1.3938

1.3941

1.3946

1.395t

1.3954

1.3958

L.3960

|.3962

1.3964

L.3968

1.3968

1.3966

1.3966

1.3965

1.3955

1.3964

1.3963

8O

1.6694

1.6393

1.6111

1.5868

1.5637

L.5430

1.5242

1.5074

1.4922

1.4186

1.4663

1.4554

1.4456

1.4)68

1.4Z89

1.4219

1.4[84

1.4096

1.4041

1.)989

L.3959

1.3932

1.3907

L.3884

L.3863

L.3845

L.3828

1.3813

L.1800

L.3188

L.)778

L.3/70

L.376)

1.3/57

L.3753

L.3/49

1.3146

L.]?47

L.3752

L.3180

L.3/?L

1.3784

1.3799

L.38L6

L.3835

1.3853

1.3866

1.3878

1.3889

1.3899

1.3909

1.3918

1.3926

L.393)

1.3939

1.)945

1.3950

I._954

1.3958

1.3960

1.3963

1.3964

1.3966

1.3967

1.3967

1.3967

1.3967

1.3966

1.]968

1.3964

1.3963

85

1.6799

1.6489

1.6204

1.5944

1.5708

1.5494

1.5302

1.5128

1.4972

1.4832

1.4706

1.4593

1.4493

1.4403

1.4322

1.4249

1.4183

1.4123

1.4067

1.40L4

1.3983

1.3954

1.3928

1.3908

1.3883

1.3864

1.3847

1.3831

1.38l?

1.3805

1.3795

1.3786

1.3778

1.377Z

1.3767

1.3763

1.3759

1.3759

1.3763

1.3771

1.3781

1.3794

1.3809

1.3825

1.3843

1.3861

1.3873

1.3885

1.3896

1.3906

1.]915

1.3923

1.3931

1.3937

1.3944

1.3949

1.3953

1.3957

1.396l

L.3963

1.9965

L.396?

1.3968

1.3968

1.3968

1.3958

1.3968

1.3967

1.3966

1.3965

1.3964

9O

L.690[

1.888i

L.6287

1.5019

L.5776

1.5556

1.5358

1.5180

1.50L9

1.4875

1.4746

1.4631

1.4528

[.4435

1.4353

L.4278

1.4211

L.4149

1.4092

1.4038

1.4005

1.3976

L.3949

1.3925

1.3902

1.3882

1.3864

1.3848

L.3834

1.3821

L.3810

1.380l

1.3793

1.3786

1.3781

1.3777

1.3772

1.3771

1.3775

1.3781

1.3791

1.3803

1.3818

1.3834

1.3881

1.3869

1.3880

1.3891

1.3902

1.3911

1.3920

1.3928

1.3935

1.3942

1.3948

1.3953

1.3957

1.3960

1.3963

1.3966

1.3967

1.3969

1.3969

1.3970

1.3970

1.3959

1.3969

1.3968

1.3966

1.3968

1.3964

95

1.6999

1.6669

1.6367

1.6091

1.5841

1.8615

1.5412

1.5228

1.5064

1.4916

1.4784

1.4666

1.456[

1.4465

1.4382

1.4305

1.4236

1.4173

1.4115

1.4059

1.4026

1.3996

1.3968

1.3943

1.3920

1.3900

1.3881

1.3864

1.38_9

1.3836

1.3825

1.3818

1.3806

1.3799

1.3794

1.3789

1.3784

1.3782

1.3785

1.379L

1.3801

1.3812

1.3826

1.3842

1.3858

1._876

1.3887

1.3898

L.3908

1.3917

1.3925

L.3933

1.3940

1.3946

L.3951

1.3956

I.)960

[.3963

1.3966

1.3968

1.3970

1.3971

1.3971

1.3971

1.3971

1.3970

1.3969

1.3968

1.3967

1.3965

1.3964

100

1.7093

1.67_4

1.6443

1.6160

1.5903

L.5671

1.5462

1.5275

1.5136

1.4955

1.4820

1.4699

1.4591

1.4495

1.4408

1.4331

1.4260

1.4196

1.41_6

1.4080

1.4046

1.40[5

1.3986

1.3960

1.3937

1.3916

1.3897

1.381g

1.3868

1.3850

1.3839

1.3828

1.3819

1.3812

1.3806

1.3flOl

1.3795

1.3793

1.3795

1.380,

1.]810

1.3821

1.3834

I.)849

1.3866

1.3883

1.3894

1.3904

1.39[4

1.3922

1.3930

1.3938

1.3944

1.3950

1.3955

1.3960

1.3963

1.3966

1.3969

1.3971

1.3972

1.3973

L.3973

L.39/3

1.3972

1,3971

1.3970

L.3969

1.)967

L.3966

L.3984

1@3



Plenum

temperature,

o R

175

180

185

190

195

200 0.6437

205 0.6498

210 0.6559

215 0.6620

220 0.6682

225 0.6744

230 0.6806

235 0.6869

240 0.6932

245 0.6995

250 0.7058

255 0.7121

260 0.7184

265 0.7246

270 0.7308

215 0.7374

280 0.7440

285 0.7505

290 0.7570

295 0.7634

300 0.7699

305 0.7763

310 0.7826

315 0.7890

320 0.1953

325 0.8016

330 0.8079

315 0.8141

340 0.8204

245 0.8266

350 0.8328

360 0.8451

370 0.8574

380 0.8696

390 0.8_17

400 0.8938

410 0.9058

420 0.9177

430 0.9295

440 0.9413

450 0.9530

460 0.9643

470 0.9755

480 0.9866

490 0.9975

500 1.0083

510 1.0189

520 1.0294

530 1.0398

540 L.0501

550 1.0603

560 1.0703

570 1.0802

580 1.0900

590 L.0997

600 I.L093

610 L.1188

620 1.1282

630 1.1375

640 1.1467

650 1.1558

660 1.1648

b70 i 1.1737

680 1.1826

690 I 1.1914

__!90 .... [ 1"2 TM

-- T

0.6131 0.6154

0.6193 0.6217

0,6254 0.6279

0.6315 0.6341

0.6376 0.6402

0.6464

0.6526

0.6587

0.6649

0.6711

15 1 20
0.6181 I 0.6210 0.6244

0.6Z44 i 0.6274 / 0.6308

0.6307 I 0.6338 | 0.6372

0.6369 I 0.6401 | 0.6435

0.6432 I 0.6463 | 0.6498
/

0.6494 I 0.6526 i 0.6561
i

0.6556 1 0.6588 0.6623
0.6618 I 0.6651 0.6686

0.6680 I 0.6714 0.6749

0.6743 I 0.6777 0.6812

0.6774

0.6837

0.6900

0.6963

0.7026

0.7090

0.7153

0,7217

0.7279

0,7342

0,7408

0,7474

0.7539

0.7604

0.7669

0.7733

0.7797

0.7861

0.7925

0.7988

0.8051

0.8114

0.8177

0.8239

0.8301

0.8363

0,8487

0.8610

0.8732

0.8853

0.8974

0.9093

0.9213

0.9331

0.9448

0.9565

0,9678

0.9790

0.9900

1.0009

1.0117

1.0223

1.0329

1.0432

1.0535

1.0636

1.0736

1.0835

1.0933

1.1030

I.LLZ5

1.1220

1.1314

1.1406

1.1498

1.1589

1.1679

1.1768

1.1856

0.6806 I 0.6840

0.6869 I 0.6903

0.6932 [ 0.6967

0.6996 I 0.7030

0.7060 [ 0.7094

0.7123 I 0.7158

0.7187 l 0.7222

0.7251 I 0.7286

0.7314 I 0.7349

0.7376 I 0,7411

0.7442 I 0,7478

i 0.7508 I 0.7544

! 0.7574 I 0.7610

0.7639 I 0.7675

i 0.7704 I 0.7740

0.7769 I 0.7805 I

0.7833 I 0.7869

0.7897 I 0.7933

0.7961 I 0.7997

0.8024 I 0.8060

0.8087 I 0.8L24

0.8150 I 0.8187

0.8213 I 0.8249

0.8275 I 0.8312

0.8337 I 0,8374

0.8399 I 0.8436

0.8523 I 0.8560

0._646 I 0.86_2

0,8768 I 0.8804

0.8889 I 0.8925

0.9010 I 0.9046

0.9129 I 0.9166

0.9248 I 0.9285

0.9367 i 0.g403

0.9484 I 0.9520

0.9600 I 0.9636

0.9713 I 0.9749

0.9825 I 0.9860

0.9935 I 0.9971

1.0044 I 1.0079

L.OLSZ I 1.0186

1.0258 I 1.0292

L.0303 I 1.0397

1.0466 [ 1.0500 i

1.0569 I 1.0602

1.0670 I 1.0703

1.0770 I 1.0803

1.0868 I 1.0901

1.0966 J 1.0999

L.lObZ I 1.1095

L.I158 I 1.1L90

I.lZSZ I 1.1284

l. LJ_5 I 1.1377

1,1438 I 1,1470

L.L5Z9 i 1.1561

1.1620 1 1.1651

t.lrlO I 1.1741

1.1799 I 1.1829

1.1887 I 1.1917

0.6815

0.6939

0.7002

0.7066

0.7130

0.7194

0.7258

0.7322

0.7385

0.7448

0.7515

0.7581

0.7647

0.7712

0.7777

0.7842

0.7906

0.7970

0.8034

0.8098

0.8161

0.8224

0.8286

0.8349

0.8411

0.8473

0.8596

0.8719

0.8841

0.8962

0.9082

0.9202

0.9321

0.9439

0.9556

0.9672

0.9785

0.9896

1.0006

1.0114

1.0221

1.0327

1.043L

1.0535

1.0636

1.0737

1.0836

1.0935

I.I032

1.1128

1.1223

1.1317

1.1409

1.1501

1.1592

1.1682

1.1772

1.1860

1.1948

TABLE VI. - Concluded.

(1) Ratio of plenum speed OT sound to speed of

25

0.6280

0.6345

0.6409

0.6472

0.6535

0.6598

0.6660

0,6723

0.6786

0.6849

0.6913

0.6976

0.7040

0.7104

0.7168

0.7232

0.7296

0.7360

0.7423

0.7485

0.7552

0.7618

0.7684

0.7750

0.7815

0.7880

0.7944

0.8008

0.8072

0.8135

0.8198

0.8261

0.8324

0.8386

0.8449

0.8511

0.8634

0.8756

0.8878

0.8999

0.9119

0.9239

0.9358

0.9475

0.9592

0.9708

0.9821

0.9952

1.0041

1.0150

1.0256

1.0362

1.0466

1.0569

1.0670

1.0771

1.0870

1.0968

1.1065

L.Llbl

1.1255

L.L349

1.144L

1.L533

L.1624

L.L714

L.1803

1.189L

L,1978

1.1944 1.1974 I 1.2004 1.2034 L.2065

/

1.2031 1.2061 J 1.2091 1 1.2121 _ 1.2151

3O

0.6321

0.6385

0.6449

0.6512

0.6575

0.6638

0.6700

0.6763

0.6_25

0.6888

0.6952

0.7015

0.70?9

0.7143

0.7207

0.7271

0.7335

0.7398

0.7462

0.7524

0.7591

0.765/

0.7?23

0.7788

0.7853

0.79L8

0.7983

0.804?

0.8110

0.8174

0.823?

0.8300

0.8352

0.8425

0.8487

0.8549

0.86?2

0.8794

0.8916

0.9037

0.9157

0.9276

0.9394

0.9512

0.9629

0.9744

0.9857

0.9968

1.0077

1.0185

1.0292

L.0397

1.0501

1.0603

1.0705

1.0805

1.0904

1.1001

1.1098

1.1193

1.1288

L,1381

1.1474

1.1565

1.1655

1.L145

L.1834

1.1922

1.2009

1.2095

1.2181

35

0.6365

0.6429

0.6493

0.6555

0.6618

0.6680

0.6742

0.6804

0.6867

0.6930

0.6993

0.7056

0.7119

0.7183

0.7247

0.7311

0.7375

0.7438

0.7501

0.7564

0.7630

0.7697

0.7762

0.7828

0.7893

0.7957

0.8022

0.8086

0.8149

0.8213

0.8276

0.8338

0.8401

0.8463

0.8525

0.8587

0.8710

0.8832

0.8954

0.9074

0.9194

0.9313

0.9432

0.9549

0.9665

0.9781

0.9893

1.0004

1.Oll3

1.0220

1.0327

1.0432

1.0535

1.0638

1.0739

1.0839

1.0937

1.1035

I.LI3L

1.1226

1.1321

1.1414

1.1506

1.1597

1.1687

1.L776

1.1865

1.1952

1.2039

1.2125

1.2211

Plenum

+___+._o| +5
0.6413| 0.6465

0.6477 I 0.6527

0.6539 / 0.6589

0.66011 0.6650

0.6663 0.6711

0.6725 0.6772

0.6786 0.6833

0.6848 0.6895

0.6910 0.6956

0.6973 0.7018

0.7036 0.7080

0.7099 0.7143

0.7162 0.7206

0.7225 0.7269

0.7289 0.7332

0.7353 0.7396

0.7416 0.7459

0.7480 0.7522

0.7542 0.7585

0.7605 0.7647

0.7671 0.7713

0.7737 0.7779

0.7803 0.7844

0.7868 0.7909

0.7933 0.7974

0.7998 0.8038

0.8062 0.8102

0.8126 0.8166

0.8189 0.8229

0.8252 0.8293

0.8315 0.8355

0.8378 0.8418

0.8440 0.8480

0.8502 0.8542

0.8564 0.8604

0.8626 0.8666

0,8749 0.8788

0.8871 0.8910

0.8992 0.9031

0,9112 0.9151

0.9232 0.92?0

0.9351 0.9389

0.9469 0.9507

0,9586 0.9624

0,9702 0.9740

0.9818 0.9855

0.9929 0.9966

1.0040 L.007b

1.0149 1.0185

1.0256 1.0292

1.0362 1.0398

L.0467 L.0502

1.0570 1.0605

L.0672 1.0707

1.0773 1.0808

1.0873 L.0907

L.0971 1.1005

1.1068 1.1102

1.1164 I.I198

1.1259 1.1292

1.1353 1.1386

1.1446 1.1479

1.1538 1.1570

1.1629 1.1661

l. LTlq 1.1750

1.1808 ! 1.1839

1.1896 i 1.1927

1.1983 i 1.2014

1.2070 [ L.2LOI

L,2156 L.2186

1.z241

lO_



THERMODY%_AMIC PROPERTIES OF PARA-HYDROGEN

sound at I atmosphere and 491.688 ° R (40!_].44 ft/sec)

pressure, atm

50 ! 55
t

0.6521 0.6580

0.6582 0.6640

0.6642 0.6699

0.6702 0.6758

0.6762 0.6816

0.6822 0.6875

0,6883 0.6934

0.6943 0.6994

0.7004 0.7054

0.7065 0.7114

0.7127 0,7175

0.7189 0.7237

0.725[ 0,7299

0.7314 0.7361

0.7377 0.7423

0.7440 0.7486

0.7503 0.7548

0.7566 0.7610

0.7628 0.7672

0.7690 0.7734

0.7756 0.7799

0.7821 0.7865

0.7887 0.7930

0.7951 0,7994

0.8016 0.8059

0.8080 0,8123

0.8144 0.8186

0.8207 0.8249

0.827I 0.8312

0.8333 0.8375

0.8396 0.8437

0.8458 0.8500

0.8521 0.8561

0.8582 0.8623
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T Plenum

t emperature,

°If

r

750

800

850

i 900

950

I000

1050

1100

1150

1200

1.250

i [300
1350

i 1400
1450

1.500

PlentL_.

tomperature,

o R

75O

800

85O

9OO

95O

1000

1050

1100

1.1.50

1200

1250

1300

1350

1400

1450

_500

0

0.541.2

0,5416

0.5421

0.5425

0.5430

0;5435

0.5440

0.5446

0.5451

0.5456

0;5462

0.5467

0.54?3

0;5478

0;5483

IO

0.5455

0.5449

0.5448

0.5450

0.5453

0.5456

0.546l

0.5465

0.5470

0.5475

0.5480

0.5485

2O

0.5474

0.5464

0.546!

0.5460

0,5462

0.5465

0.5468

0,5472

0,5477

0.5481

0.5486

3O 4O

0.5483 ......

0.5473 0.5487

0.5469 0.5478

0.5468 0.5475

0.5469 0.5474

0.5472 0.5475

0.5475 0.5477

0.5479 0.5481

0.5483 0.5484

0.5487 0.5488

5O

0.5503

0.5489

0.5482

0.5478

0.5478

0.5479

0.5482

0.5485

0.5489

80

0.5500

0.5489

0.548]

0.5480

0.5481

0.5484

0.5487

0.5490

0_'7489i 0.5490 0._490 0.549.1 0.549_ 0.5492 0.5493

0

0;8612

0.8621

0.8632

0;8643

0;8654

0;8666

0;8677

0;8589

0.8701

0;8713

0.8725

0.8737

10

0.8693

0.8679

0.8677

0.8682

0.8689

0.8699

0.8710

0.8721

0.8732

2O

0.8716

0.8696

0.8690

0.8692

0.8698

0.8707

0.871.7

0.8727

0.8749 0.8743 0.8738

0.8760 0.8755 I 0.8750

0.8772 0.8767 I 0.8762

I
0;8784 i 0.8778 _ 0.8773

+,11eT_pera_ e,

° R 0

750 0.6285

800 0.6282

850 0.6280

900 0.6277

950 0.6275

lO00

1050

LlO0

1.150

1.200

L250

1300

1J50

1400

1450

1500

IO

0.6275

0.6272

0.6272 0.6270

0.6270 0.6267

0.6267 0.6265

0°6265 0.6263

0.6262 0.626[

0.6260 0.6259

0.6258 0.6257

0.6255 0.6255

0-6253 0.6253

0.6251 0.6251

0;6249 0.6249

2O

0.6269

0.6268

0.6266

0.6264

0.6262

0.6260

0.6258

0.6256

0.6255

0.6253

0.6252

0.6250

TAfJLE VII. - C<ntinued.

(c) Cr_t:ical

Plenum

70 80 90 _

0.5512 0.5525 .....

0.5497 0.5505 0.55[3

0.5487 0,5492 0.5498 I

0.5483 0.5486 0.5488
0.5482 0.5484 0.5485 ;

0.5486 0.5487 1 0.5489 :

0.5488 0.5489 1 0.5489

0.5490 0.5491 0.5491

9_5493 _ 0.5493 _0_

3O !

...... i

0.8720

0.8702

0.8696

0.8698

0.8706

0.8714

0.8723

0.8733

0.8745

0.8757

0.8769

0.871.6

0.8703

0.8700

0.8706

0.871l

0.8719

0.8729

0.8740

0.8752

0.8764

(d) Critical

Plenum

4o 50..... ,o 80 1 90

...............if!if!iiii!iiiii)i
0.8733 ........................

0.8711. 0.8722 0.8733 0,8746 ......

0.8703 0.8107 0.87[3 0.8720 0.8727

0.8707 0.8109 0.871.2 0.8716 0.8721.

0.8709 0.8708 0.8708 0.8708 0.8709

0.8716 0.8113 0.8711 0.8709 0.8707

0.8724 0.8719 0.8715 0.87ti 0.8707

0.8735 0.873i 0.8726 0.8722 i 0.8718

0.8747 o.8_42 0.8738 0.8734 o.8229
0.8759 0.8,54 0.8750 0.8748 j or87_

_0 40 5o I 6o

0.6266 ..................

0.6265 0.6264 0.6263 ......

0.6263 0.6263 0.6263 0.6263

0.6262 0.6262 0.6262 0.6263

0.6258 0.6257 0.6255 0.6252

0.6257 0.6256 0.6255 0.8Z53

0.6256 0.6255 0.6254 0.6255

0.8255 0.6256 0.6256 0.6257

0.6254 0.6254 0.6255 0.6256

0.6252 0.6253 0.6254 0.6255

t

0.6250 0.6251 _ 0.6252 i 0.6253

(e) Crit:ica]

Plenum

70 ] 80 i 90

...... _ ..... ! ..... !

..... ; ..... i ......

0.6264 0.6266

0.6284 0.6256

0.6250 0.6247

0.6252 0.6250

0.6252 0.6251

0.6258 0.6260

0.6257 0.6259

0.6256 0.6257

0.6254 0.6256

i ......

0.6269

0.6244

0.6248

0.6250

0.6261

0.6260

0.6259

0.6257
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TIIERMODY_t_+IIC PROPERTIES OF STreAM

[_rossuro ra_; _ i)

pr©ss1Jro j _t:.

F

TOO

0.5522

0.5501

0.5490 0.5493

0.5485 0.5486

0.5490 i 0.5492

0.5490 i 0.54910.549[ 0.5492

i

0.5494 j 0.5493

i I
120 140

0.5541 .....

0.5509 0.55[5

160

0.5520

0.5495 0.5494

0.5485 0.5481

0.5493 0.5494

0.5492 0.5491

0.5491 0.5490

0.5492 [ 0.5491

oressure, arm

F ,oo I
t 120

i

..... i ....

0.8736 0.8758

0.8727 I 0.874l

0.8711 0.8716

0.8705 0.8705

0.8704 0.8697

0.8714 0.8707

0.8725 _ 0.8718

0.8737 0.8729

140 160

0.8;59 0.8779

0.8723 0.8732

0.8705 0.8707

0.8692 0.8688

0.8700 0.8695

0.8711 0.8705

0.8722 0.8716

Io_sit;/ ratio

_00 120

0.6273 0.6284

0.6240 0.623l

0.6245 0.6239

0.6248 0.6244

0.6263 0.6268

0.6262 0.6266

0.6260 0.6264

0.6259 0.6262

[40 160

0.62[9 0.6204

0.6232 0.6222

0.6239 0.6233

0.6273 0.6280

0.6271 0.6276

0.6269 0.6273

0.6266 0.6270

t80

0.5490

0.5475

0.5493

0.5490

0.5489

0.5489

200 220

i 0.5480

l 0.5466

l 0.549[ 0.5487 i 0.548[ 0.5473 I

0.5488 0.5484 0.5479 0.54?3 i

0.5486 0.5483 0.5478 0.5473 i!

t 0.5486 L 0.5483 1 0.5_79 i 0.5474

!
240 1 ......260 [ 280 + 300

...... - __ __ ! ...........

...... i .................

0.5464 0.5434 ! ................

0.5452 0.5432 0.5404 : 0.5367 0.5312

0.546[ 0.5446

0.5464 0.5454

0.5466 0.5458

0.5468 . 0.5462

180

0.8745

0.8711

0,8685

0.869[

0.8699

0.87[0

r

200 220

0.8755 0.8769

0.8715 0.8/2!

0.8683 0.8683

0.8687 0.8685

0.8695 0.8092

0.8705 0.8/0[
+ •

r
240

+ __ _

0.8785

0.8728

0.8685

0.8684

0.8689

0.8697

1
260 i

+ t

0.8735

0.8688

0.8685

0.8687

0.8694

280

0.8743

0.8693

0.8686

0.8687

0.8692

300
+

..... i
I

..... i

0.8750

0.8699

0.8689

0.8687

0.869[

I 180

0.6210 0.6193

0.6224 0.6214

0.6288 0.6297

0.6283 0.6290

0.6278 0.6284

0.6275 0.6279

200 220

I

240

0.6[72 0.6142

0.6199 0.618[

0.6J07 0.6318

0,629; 0.6304

j j

260

0.6158

0.6330

0.6312

0.6300

0.6291

280

0.6L28

0.6342

0.6320

0.6305

0.6294

3ooI
I

......

! ......

...... i

0.6086

0.6356

0.6327

0.6309

0.6296
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Plenum

ter_peratol_ .... OF l - I

?00 1.0000 0.98t5

TIO 1.0000 0.9863

?20 1.0000 0.989)

750 1.0000 0.9898T_O 1.0000 0.9909

750 1.0000 0.9910

760 1.0000 0.9915

T?O 1.0000 0.9920

?60 1.0000 0.9925

T90 1.0000 0.4929

800 1.0000 0.9932

810 1,0000 0.9936

820 1.0000 0.9939

850 1.0000 0.9942

840 1.0000 0.99_b

850 |.0000 0.99_H

860 1.0000 0.9950

8?0 1.0000 0.9952

860 1.0000 0.9954

890 1.0000 0.9956

900 1.0000 0.9958

910 1.0000 0.9960

920 1.0000 0.9962

950 1.0000 0.9965

9_0 1.0000 0.4965

950 1.0000 0.9966

960 1.0000 0.996?

9?0 ].0000 0.9969

980 1.0000 0.9970

990 1.0000 0.9971

1000 1.0000 0.9972

I010 1.0000 0.9973

1020 1.0000 0.9974

10_0 1.0000 0.9915

IOqU 1.0000 0.9976

1050 %.0000 0.99??

1060 1.0000 0.9978

I07,_ 1.0000 0.9978

I0_0 1.0000 0.997910 0 1.0000 0.9960

1100 1.0000 0.9960

[_ P] entire
temperature,

o R

710

120

?40

?50

760

770

780

790

80O

810

820

83O

8_,0

850

860

8'r0

88O

690

9O0

910

920

95O

9_.C

95O

960

970

980

990

1000

1010

1020

1050

tO_fl

1050

t060

10?0

1040

1090

tlO0

--- 55

___ __

0.7800

0.T930

0.80_6

0.8151

0.6247

0.853_

0.6415

0.8_09

0.8557

0.8621

0.8680

0.8755

0.8?8?

fABLE VlI. CCILt IIlued.

(f) Plenum

P] e_,um

O, - ............. [ -- -

0.9?_5 .............

0.9789 .... _ _ - _ -

0.9_05 0.9694 i

0.9815 0.9914 ! ..... / ..... | .....

0.9826 0.9?33 i 0.9634 / ..... / --- -
[

0.94JT 0.9749 / 0.9658 0.9562

0.9846 0.9764 0.96?9| 0.9590 | 0.949f

0.9655 0.47?0 0.9690 0.9615 / 0.95_9

0.9862 0.9?90 0.9715 0.9638 0.9549 O.9k?W 0.958_

0.96?0 0.9602 0.9751 0.9658 0._50_ 0.9506 O.V_2_

0.98f6 0.9612 0.9946 0.96(? 0.9607 0._555 0.9_60

0.9483 0.9822 0.9?59 0.9695 0.4624 O.lb_l 0._91

0.9889 u.9451 0.9??2 0.9711 0.9699 0.95F_ O.V_CI

0.989_ 0.9859

0.9899 0.9847

0.990_ 0.985_

0.9908 0.906t

0o9912 0.9867

0.9916 O.9873

0.9920 0.9818

0.9v25 0.9804 i

0.9926 0.9884

0.9929 0.9693

0.9932 0.989? i

0.9955 0.9902

0.993¢ 0.9905

0.9940 0.9909

0.9942 0.9912

0.9944 0.9916

0.9946 0.9919

0.9948 0.9922

0.9950 I 0.9925

0.9952 ! 0.992?
I

0,995_ I 0.99_0

0.9955 0.9952

0.945? U.9V55

0.9958 0.9937

0.9959 0.99_9

0.9961 0.9941

65 rO

___

=_

0.742?

0.7582

0.7771

0.78_5

0.795_

0.8060

0.8154

0.8241

0._21

0.819_

0.998_

0.979W

0.9803

0.9813

0.9821

0.9829

0.94_7

0.9844

0.9850

O.9857

0.9862

0.9068

0.9875

0.9_78

0.9883

O.988?

0.9491

0.9095

O.9099

0.9903

0.9906

0.9910

0.9915

0.9916

0.9916

0.9921

___

0.7663

0.7602 0.7539

0.1927 O.?6_T

0.8059 0.?8t_

0.01_I 0.795T

0.6234 0.6045

0.8320 0.8145

0.8_98 0.82_3

0.8471 0.8316

0.8539 0.0392

0.8601 0.8_65

0.4660 U.6529

0.9726

0.9759

0.9?52

0.9704

0.97/5

0.9?85

0.9f94

O.9005

0.9_12

0.9ULO

0.982r

0.9034

U.9841

0,98_T

0.9645

O.9859 0.9_0

0.9064 U.9456

O.9869 O.9842

0.961W 0.94_0

0.96#_ 0.9653

0._88_ 0,9049

0.988? 0.946_

0.9891 0.9464

I O.9894 0.9473

I 0.989_ 0.gH/?

iiiiiiiiiiii

0.4667 U.V60{ U.95_6

0.9684 0.962? 0.9569

0.9699 U.96_6 0.9591

0.9?14 u.9665 0.9612

0.9727 b.9679 U.96_0

0.9?40 U.9694 0.9_0

O.9752 U.9706 U.9_,0_

0.9?53 O.9tLl 0._679

0.9?13 _.9_51 0.V_95

O.9?62 o.9?_5 O.970?

0.9792 a.9786 0.V(19

0.9000 U.9?6_ 0.9151

0.9406 _.97?_ 0.v?_2

0.9416 0.9/6_ 0.9?52

0.9425 U.9?V? 0.9(62

0.960O b.9171

U._80_ 0.9140

_'.661') O.VIU_

h.9¢_22 U.9/96

O.9629 U.9_05

U.965', O.v_ll

0._64[, 0.981?

o.9641, 0.W_24

0.966_ 0.9656

P] erlUr

_ I .....

.... I .........

I .....

O.TSZ? ......

0.?949 0.?259

0.f633 0.740?

0.7?62 0.9556

0.?8t9 0.7669

0.?966 1 0.7910

0.6003 0.1919

0.81/3 O.d020

0._6 0._112

O.flh$ 0.609?

0.?5_5 O. ?i)9_ 0.04_1

O.[mO_ U.t2t_ u.(uub

0.T62_ 0.(_30 0.1225

0.176_ 0.?',69 0./5,_0

Ul.766t 0.149b 0.?52t

0.?96_ 0.(_10 o. te,_v
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]

i T - lO I I% .... ' .....

u._q,.s

_. ,_6,. I t).'_%% _ O.v_(; I 0.9[T2 T

. +_,: O.,'629 u.v_zt O.'_211

0._1_ 0.90;I

O.vu%u u._)/6 - - ....

...... i ...........

I_._IE # - _ _ I I

ij._*tt, t, O,q',dl ....

- -!

, i + F "l _

, ._/ d

_._tL

[ r- U_; v, ¸, "lb

r Io_ i IO% Ilb i I1_

U.'_68_ 0.9%2C 0.9_%

O.Qt_2 L).W,_ 0.9%10

I_. _TU U._I

L._6 b.96F6

_.w3J2

_J. ,/0 /H

:_. ;I/2

0.926t

0. _ 2 _

U. m/t, I

O.r_Vl7

u • "_016

0. #U61

O. _102

u.v_uo

O._S2F

: i i _ b I} I o.¢ ,_d'_

u .,_dz,, u._;_.Z I

J.t2; ¸, U._L/V u.dg_ J

C,.-E, , I

u.-,I iu ....

i

I
I

, _,. J

: .... !

._ - __

-- I

. i

__ - __ t--:-_ .._ -_ - -

.___ - - - . _ - - -- : - 12

...... - _ - ........... __ . _

O._t9_ _ i _

[,. 7001 6.67_2 0.6%_1 - . ....

O.ZI_O U.6_6H O.6t_ 0.6_vO 0.621_

]-]-7
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_: i :_:_ ¸ :

_o 95

O.;alO O. T6_

0.8011 O.r@_2
0._I00 0.79_0

loo

o. T6_o

0.17_8

LOS ItO

O.?3O6 0.7L22
0.7_g 0.728I

o.75T9 0.Z424

0.7696 0.7593

0.T804 O._l

LL5

0.6927
O°tL_

C.726_

0.?53]

0.69l_ O.6?20 0.6_0_

O.?_SO O.?O_g U.6_20

0.??_? 0.761@ O.r_gT

0._002 O.Zq02

O.84O? _.8_?

0._981 O, u,

0._191 0._111 0._0_ _.Z_

ll9



t emperatur_ _

700

/I0

t20

730

7',O

750

760

7t0

780

790

800

810

820

8]0

R_G

85O

860

8_0

890

TA}JLE VII, - _5_tI a ]

(!_) P]elum

PI e_,um

k+. I _17] 4.5257 4. 568i, _.8i,00 [ - i - ........

900

910

920

950

940

950

960

970

980

990

IO00

I010

1020

1050

I0h0

1050

1060

I070

1080

1090

1100

%,I]69

_.1428

4.1488

4.1589

4.1611

4.1618

4.1i,38

4.1802

4.1867

4.1953

4.1999

%.20_T

%.2138

%.220]

%.22i'2

%.2581

%.2411

_.2881

4.2552

4.262%

4,2698

4.2i,68

4.2881

4.2914

4.29_7

4.]061

4.5135

4.]20?

4.528%

4.]359

4.34]4

4.5510

%.]506

4.5662

4.57]8

4.5814

................ [ --- - .....

49_59 ............... L L]

4.77710 4.97_ 5.Z109 ....

4.118_ 4.9019 5.1058 5.]51 _.bdl_

4.6742 %,85i'2 5.01t2 b.215] 5.4_28 5.0i'10

4.6564 %,i,8_5 4.9_22 5.1111 5._7V b._lSi,

4.6042 %.7555 %.8765 5._]51 5.Z022 _._

_.55]1 %.660_ 4.i'766 4.901] 5.0]55 5.17V0

4.53]0 4.6]I0 %.(]61 4._48? 4.vo91 5.0VIf

4.515_ 4.605_ %.1012 _o_055 4.VI20 _.02i'r_

4.5010 4,5854 4.6709 4.i,6_ 4._625 _.V610

4.4R85 4.5644 4.6%4? 4.(29? 4.b195 4.9145

4.4780 4.5_0 _.6220 _.699_ 4.1821 _.86_b

4._691 4°55%0 4.602] W.6740 _.i,_94 4.028_

4.4617 4.5220 4._8_2 4.6515 4.7208 4.1954

4.4856 4._118 4.5i'05 _.6]lH 4.695V _.16Z7

4.450i, %.5051 4.55i,8 4.614i' 4.6i,40 4._55_

%.4469 4.4959 %.5_69 %._999 4.65_V _.llZl

4.4440 4.489V 4.53Tb %.5810 4.6505 q.b91_

4._419 _._850 4.5297 _.bi'59 4.62_f 4.6732

4.4406 4.4812 4.5251 _.566_ 4.6111 4.65i,_

4.4400 _.4702 %.5176 4.55_ 4.6002 4.6454

4.4400 4.%7_0 %._152 4.551_ %.590i, _.6512

_.8405 4.%756 _.%096 %.845i' 4.b_z? 4.0201

4.%4 6 4.4i,59 4.80_0 4.5409 4.5158 4.611_

4.4432 [ %.4757 4.5050 4.5571 i 4.SI,UO 4.60_1

4,4452 I _.4741 4,5058 4.5542 i 4.565_ 4.5971

4._75 4,47_1 4.5052 i _._$20 i 4.56 _ 4.59)5

4.8505 4.476_ _.8032 4.8_05 i _.558_ 4.5060

4.8555 _._1_5 _.805i, _.529_ I _.5861 4.5851

4.4567 _,4805 4.80_7 _.5295 4.5545 _.5801

4.4604 4.4850 4.5061 4.5Z96 4.5555 4.bt_6

4._645 4.4859 4,5079 4.b]D_ 4.5551 4._75_

f PlgK_m

t e:_lu,erat ure,

o[{

i,00

710

720

TSO

740

750

760

7?0

780

790

80O

810

82O

8_0

84G

850

86O

870

880

890

900

91U

920

9_0

940

950

960

9?0

98O

990

1000

1010

I020

1050

I050

1050

106_

10i,0

1080

1090

120



THERV_ [Y!_A!_IIJ PROPERTIES :_ 2]TEAM

s[_ec J _'] ,_ heat

pressl,rP, at]

10 I% 20 2b _S _o _%

L_L- -

-iii - -..........

5.5a2_ .......... -- -- -

5.4_76 ......... --- - ........

5.3329 6.28(]9

5.2]_ 6.06r9 ....

5. 150_ b. SBT_ ........

5.0r76 5.r_36 6.5999 .........

5.D)_] %.601% 6.363] ........

_.9595 5.48(6 6.1620 f.021_ -- - ----

4.911_ b._8_8 5.9_9b 6. t_t6 ....

_.869] b.5OzB 5.8_0_ 6.%0_H t. _97 - - --

_.812_ 5.2276 5. 7120 b.$Obl Z.OhL}_ t._61] - --

_. _(300 %.1616 5.5997 6.1106 6.1774 f._t_5 ......

4.7T)5 5. I036 5.5616 5.97_4 6.6521 {.24H_ H. I064

_. 7_6_ 5.052] 5.415] %.8_%H 6.]576 6._71l 7./I_2 _.6_h/

4.724_ 5.OOrO 5.519_ 5.72_7 6. I_92 b.r_l [._2_ _. 1696 ,.,,.,

4. 70_9 _.9668 5.2721 5.62/6 6.0_21 o.',27o 1. IO6z l.l_l _.61S

4.68_9 4.9112 5.2125 5.%_/5 %./I_I 6.$4_ _._%t] t._565 o.I_,2

4.6729 4.8995 5.1%95 5.4516 5. 19_6 h.192t 6._69 t. II%' T.(+_

_.6482 4._462 5.0702 %._2_6 %.61GI 5._46 6.SO_I 6._L_,_ (._ _e,,

I_. 6296 q.8019 _.9989 %.2167 %._6U0 b.f]L_ 6.U$OU 6._79/ t,.r, ,_

_.6222 4.1862 4.968_ %.171_ 5. :lgb 7 5.b_(I 5.Y25_ 6.25/,_ _,. ,:_
4.61%9 4._T0% _,9_16 5. I 5._t_ 5._99 5.b¢11 5.,_10 6.1 _ _,. L+,'C, t

4.6026 _.Z]]4 4.HT61 b.U_l %.2014 b.$_6% 5.%_ %.hOd/ _,.

-- ±

115 120 125 I]0 lib ] I_D 145

_ ........ _............ ---- -- -------__2-_--

1S. 7685 - -12._099 I].8407 15.7168

11.5787 12.48497 I _.8522 5._25_ 8.0476

I0.566_ 11._477 12.b060 I ].dO_d 15.¢6T1' I ,'. ¢_th_ T 2_.t¢t>O I - -

9.90B? IC.0354 11.4_11 ] 2._,_99 15. i'176 1%.25bl 11.2_$5 20,Dhl --- j
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Lloo

HIO

II2v

I150
I160

IITO

1180

|igO

1200

12£0
IZ20

_230

I_0

1250

IZ60

1270

I_00

IJtO
I_0

t_O

LJ_O

LJ60

LJTO

£J80
IJgO

1400

_70

I_80

I690

1500

...... ii,o i ......
_*3814 4.4859 4.5998 4.72_8 _o8686 _ 5.OObO 5.logo 5.3_bb

_.3891 6._891 _.5977 4.7L54 4.8629 i _.980g 5.L30_ 5.2916

_.3968 _.4926 4.5962 4.7081 4*8289 I 4*9592 5.9_96 b.2509

_*_O_S 4.4964 _.5953 4.7019 _*B166 6.9396 b. OT|g S.2l_O

4._L22 _.5003 4.5950 4.6965 _.B05_ _._219 5.0_68 5.1805

_._200 _.5046 6*5951 4.6920 _._955 4.9O6O 5.0Z_L 5.1501

_._277 _.5090 _.5957 4.6882 4.?B6B _.89L8 5.00_5 5.1225

_.4355 _,5L30 _.59_ _*679§ 6._689 _,8627 4.gbll _.06_6

_._511 6.5230 _.5981 _.6766 4.7587 1 4.8445 _.9J_3 5.028]

4._589 _.5282 4.600_ _.6759 6._566 ! 6.8368 _.9Z27 5.0125

4.4668 _.5_]5 _.6051 4.6756 _.7512 1 6.8_0L _o9123 6.9981
_._6 4.5360 _,606L _.6758 4.7_85 4.8241 _.9_26 _.9849

_._S25 _.54_7 +.60g_ 6.6766 6.768Z 4.8189 6._964 4.9730

6.6904 4.5504 4.6127 6.6774 4.7446 6.8163 6.8668 6.9621

6._983 4.5563 4.6164 4.6787 6.74_4 6.8105 6.880L _.9523

6.5062 6.5622 6.6Z03 4.6804 4.7427 q.8072 6.f1161 4.9434

_.516Z 4.5683 4.6246 4.6B26 4.1624 4.8046 6.8689 4.9]54

6.5221 6.5765 4.6287 6.6847 4.7426 _.8024 6._43 _.92B3
6o_]0_ 4.5808 _,6_]2 4.6873 6.74_1 4.8OO8 6._604 4.9219

6._80 4.5872 4.6378 _=69U| 6.7660 _.799_ _.8_70

4.5460 465936 4.6427 _.6932 4.7453 4.7990 4.8_43

6.5541 _.6002 4.667& _.6965 6.1_69 6.798_ 6.SbZl

6,5621 6.6068 4.6528 _.7001 6.7488 6.7988 6.0_OJ
6.5702 q.61_5 4.6581 6.7039 4.7509 6.7993 6.8q_1

4.5782 _.620_ _.6635 6.7o7a 6.7534 6.aOO_ 4.8_8_

4.5863 4.6271 4.6690 4.7120 6.756_ 4.8014 4.8479
6*_944 _.6341 4.6747 4.716_ 4.7591 6.80_0 6*8479

6.6026 4.6_11 4.6805 6.7209 6.7624 6.8068 6.H4BJ

4.6107 4.6681 4.6B_q 6o72_7 6. 7_8 6°8069 4-_S90

_.6L89 4.6553 6,6_25 6°7305 4.1695 _.8096 4.850[

6*6_7l _.6625 6*69B6 4.7356 6.7736 6.BI_O 4.8515
6o63_ 6.66_7 6.POh9 6.7408 q.7_]b 6*0L50 6.8533

4°64_6 6°677L 6._1|2 6.7661 4.7818 6.8182 6.8_53

4.6519 6.6845 4._177 6o7516 4.7862 4.8216 6.h_16

6.660_ 6.6916 _.1Z63 6.757_ 6.79u9 6.8262 6.8o02

6.6686 4*bqq_ 4o7309 6°76_0 6._9_1 6.829[ 4.663|

_._7_0 6.707_ 6._377 _.r_ag _.8o07 4o8331 6.B662
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q.7024 6,1]0] _.r586 4.7876 4.8167 4.8465 4.8169
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rio 1.5212 1.5525

?20 1.3206 t.3315

750 1.3200 1.3102

740 I._19_ 1.529t

75O 1.5188 1.5280

TbO 1.5182 1._2t0

TrO 1.31r6 1.3259

780 1.5170 1.3290

790 1.5164 1.5239

800 1.31S7 1.5229

810 1,5151 1.32Z0

820 1.5165 1.3210

830 1.5158 1.5201
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1.3079 1.3121
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1.5141
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I._271 1.3522
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I.$177 1.5214
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1090 1,295_ 1.29H7 1.5010
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l.SI]l 1.5155 I.J201 1.3257 .J2_ 1.3_12
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I010 1.6391 1.ZOO2 1.7911 1.8975

I020 1=611_ l.b/lO 1.7_23 1,8299

1050 1.58_1 1.6402 1.7018 1,775?

I04_ 1.5675 1.6157 1.6675 1.7510

IOSO 1.5489 1.590_ 1.6381 1.6934

1060 1.5325 1.5700 1.6126 1.6613

I070 I,5178 1.5519 1.5902 1,6555

1080 1.5044 1.5356 1.5105 1.6092

1090 1.4923 1.5210 1.5526 1*5878

II00 1.48t3 1.5077 i Io5567 1.5687
I

P [ ,:__ ][jltl

d5 95

_ _ i ........

z.olT¢ 2.171_

1.93011 2.0497 2.204;$
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124





I)OO

112o
113o

I|4o

115o

116o

I I ?u
118o

It_o

)zoo

IZlO

I+Zo
IZSO

Iz4o

125o

Iz6o
I+?o

128o

IZ9O

131o

lJ]O

133o

134o

135o

I]6o

I}?0

1180

159_

t_3o

)45o

I_6o

147o

I_OO

...... ,t,p_, F [ r • T +5 50 55 60 65
0 S LO 15 20 25 _0 ]5 _0

1.33+5 ).3466 L*36{T l.]lrg L.]9_4 1._1_) )._3_8 {._5/0 1._8)3 1.5077 _ ).5_6r-
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l])O 1.2807 1.2867 1,2928 1,299) [.3058 i.3)2_ I,_{9| 1.3262 1.3335 |,3410 1.3_87 I.}566 L,]6_8 I.)7)2

13_0 1.280{ i°2859 1.2919 ),2980 1,]043 I.}IOB L,_175 1.32_ 1._3{_ l.J_b L.3461 1.35_8 L°J616 l.)bg7

i]50 L.]tg5 Io2851 |.290g 1,29bg 1.3031 1,309_ L.JLS8 I._225 I.}ZgJ I._364 [.34_6 1.3510 1._586 1,3664
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